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WOODLICE-—- 


Crustaceans on Land 


pistu RB any old log or stone in the 

garden and you will expose a 
number of greyish animals scuttling to 
and fro. These are woodlice (also called 
sow-bugs, slaters, pill-bugs and even 
coffin-cutters). Although trodden on 
hurriedly by gardener and housewife 
alike, they are quite harmless, even 
useful. To the biologist, they are very 
interesting animals. 

The woodlice are the only members 
of their group (crustaceans) to be adap- 
ted for life on land. Their relatives — 
crabs, lobsters, etc. — all live in and 
around water. Even so, woodlice are 
never found in open, dry places: they 
are confined to damp surroundings, 
and never wander far from the shelter 
of their logs or stones. 

The body consists of a number of 
segments each covered by a hard plate 
containing calcium carbonate. The 
plates are not joined and the animals 
are able to roll up — sometimes into a 
tight ball. This feature gave them the 
name ‘pill-bug’. Live woodlice were 
actually taken as ‘medicine’ in medi- 
aeval times! 

On the head there are two small eyes 
and a pair of long sensitive feelers. 
The underside of the head carries the 


mouthparts — toothed appendages that 
break up the food and carry it to the 
mouth. Woodlice feed mainly on 
decaying vegetation and are therefore 
useful scavengers. Only occasionally 
do they damage growing plants. 

The thorax has seven segments and, 
in the adult, each carries a pair of 
walking legs. The segments of the 
abdomen each bear a tiny pair of lobed 
limbs which are plate-like except in 
the last segment. The inner plate of 
each limb acts asa gill. It is covered by 
a thin film of water which absorbs 
oxygen from the air. The oxygen 
passes through the body wall and into 
the blood. In a dry atmosphere the 
water film evaporates and the animal 
suffocates. 

The outer lobes of the abdominal 
limbs protect the delicate gills but in 
some species they do more than this. 
Very fine canals run through the 
lobes and open to the surface rather 
like the breathing tubes of insects. It is 
a simple air-breathing system and 
woodlice with it can survive drying 
more than those without it. They are in 
the process of evolving a true air- 
breathing system and perhaps wood- 
lice of the future will not be restricted 


When rolled up the pill millepede (Glomeris) Aresembles the woodlouse Armadillidium B 
but lacks the small abdominal segments. When unrolled its many legs distinguish it. 
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Two common woodlice, one of which has 
just shed the back part of its skeleton. They 
usually eat the cast-off portion. Until the 
new shell has hardened the animal hides 
away. 

to damp places! 

Eggs are retained in a pouch under 
the thorax of the female until they 
hatch and the young are then released 
—tiny white creatures like grains of 
rice. The hard skeleton cannot grow 
with the animal and is changed perio- 
dically. Moulding takes place in two 
stages, the back part being cast off and 


The underside of a woodlouse showing the 
legs and abdominal limbs. Insets show the 
minute air-breathing tubes that occur in the 
abdominal limbs of some woodlice. 


eaten first. The animal is then a strange 
sight; the front end is normal and the 
hind end soft and white. After a few 
days the new skin has hardened and 
the front end is cast off. Until the 
complete new skeleton has hardened 
the woodlouse hides away, for it is 
unable to defend itself or to escape. Its 
first act when the skeleton has har- 
dened is to eat the old one. 

Woodlice can easily be kept in cap- 
tivity — a glass tank strewn with sand 
and stones is an ideal cage. If kept 
moist and supplied with various vege- 
table material the animals will breed 
and thrive very well. It is probably a 
good thing to add a lump or two of 
chalk. The animals actually eat this — 
presumably to gain calcium for the 
skeleton. Ifthe temperature and humi- 
dity can be controlled, much new 
information can be gained on the 
behaviour of these animals. 


1537 


NEWTON’S 


LAW OF 
COOLING 


N the comfortable surroundings of 
a centrally heated house a bowl 
of steaming hot soup does not cool 
down very quickly. If one member of 
the family happens to be ten minutes 
late for dinner, his soup is not too 
cold to drink when he eventually does 
arrive. 

But a party of campers making sup- 
per on a cold wintry mountain-side 
know full well that if they do not come 
immediately they are called, the soup 
will have become luke warm or stone 
cold. In such weather the soup has 
cooled much more quickly than it 
would in warmer surroundings. 

In the warm house and out on the 
cold mountain-side, the temperature 
drop takes place most rapidly in the 
first minute of cooling. As time goes on 


STEP IN B 


Straight Line Graphs 


graph. Equal steps in B give equa steps in 
A. A is directly proportional to B. 


When rate of cooling is plotted against temperature difference with the surroundings 
the graph turns out to bea straight line. Equal steps in temperature difference give rise 
to equal drops in rate of cooling. In other words, temperature difference is directly 


proportional to rate of cooling. 


In many different branches of chemistry and physics, experimental results can give rise 
to straight line graphs. Discover a straight line graph and you may discover a funda- 


mental law. 


the cooling slows down. It takes quite 
a while for the soup to drop the last 
degree and come to the same tem- 
perature as its surroundings. 


Plotting rate of cooling against temperature difference. 


Isaac Newton wanted to know if 
there was any law relating the rate of 
cooling to the temperature of the 
surroundings. It was obvious that 


A substance is heated up and allowed to cool. Its temperature is taken every half minute. The resulting graph is not a straight line but 
a curve. The different gradients (slopes) of the curve tell how quickly the substance has cooled. The gradients are found over a range of 
temperatures, so the rate of cooling is known when the substance is at each of these temperatures. Rate of cooling is plotted against 
temperature difference between the object and its surroundings. The result is a straight line. Rate of cooling is directly proportional to 


temperature difference. 


TIME IN MINUTES 


AT THE TEMPERATURE 
OF THE ROOM 

THERE IS NO 
COOLING 
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EXCESS TEMPERATURE 


Soup cools more quickly in cold surroundings 
than it does in the warm. The soup ts 
following Newton’s law of cooling and 
cools more rapidly when the temperature 
difference between the soups and its sur- 
roundings 1s high. 


things cooled more quickly in cold 
weather, but was there any way of 
predicting how quickly substances 
cool ? 

Newton discovered that the rate at 
which a substance cools is directly propor- 
tronal to the difference in temperature 
between the substance and its surroundings. 
This is known as Newton's law of 


The temperature of 
the cooling water is 
taken at equal in- 
tervals of time. 


On the mountainside where the hot soup is 
well above the temperature of the surround- 
ings, cooling takes place very quickly. 


cooling. ‘Two objects are cooling in the 
same room. One object is 20°C above 
room temperature and the other one 
is only 10°C higher than the room. 
According to Newton’s law of cooling, 
at this particular moment, the hotter 
object cools twice as quickly as the 
cooler one. 

Newton’s law of cooling does not 


apply to all temperature differences. 
If the temperature difference between 
the object and its surroundings is 
more than 20°C the law ceases to 
apply. The larger the temperature dif- 
ference the more inaccurate it gets. 
But for temperature differences of less 
than 20°C it applies fairly well. 
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Finding the rate of cooling 
at various temperatures 


The gradient at any point can be 
found by sliding a ruler along the curve 
at that point and drawing a straight line 
which just touches the curve. This line 
is drawn to a convenient length. It is 
to be the hypotenuse, the sloping side 
of a right angled triangle. The triangle 
is completed by following the vertical 
line from the top end and taking a 
horizontal line across from the bottom 
to join it. 

The gradient of this particular curved 
graph is the amount the temperature 
would drop per minute at that particu- 
lar point. If the vertical side of this 
triangle happens to represent a tem- 
perature drop of 4° on the centigrade 
scale and the horizontal distance rep- 
resents a time of half a minute for this 
to take place, the rate of cooling is 4° in 
half a minute or 8° in a whole minute. 
This is the gradient of the graph at this 
point. At other points of the graph, 
different values of gradient will be 
found. This is obvious because the 
graph is not a straight line but is 
curved. 


PALAEOGEOGRAPHY 


PERMO—TRIASSIC BRITAIN 


OST Permo-Triassic sediments 
accumulated on the land, and 
like the continental Devonian de- 
posits, they are stained with iron salts. 
The bright red cliffs of Permo-Triassic 
rock lining the South-East Devon 
coast, and the deep red soils covering 
much of the English Midlands are 
examples. 


Permian Geography 


The Permian period began after 
intense movements — the — so-called 
Armorican movements — had shaken the 
Earth at the close of the Carboniferous 


The Permo-Triassic time interval 
which began about 230 million years 
ago, is really made up of two periods. 
The earlier Permian period is named 
after the Perm district of Russia; the 
later Triassic period derives its title 
from a German word meaning three- 
layered. In Britain the red rocks from 
both periods are remarkably alike in 
appearance. Both series of rocks ac- 
cumulated under hot, desert condi- 
tions with occasional falls of torrential 
rain. Little is known of life at the time. 
Rapid covering with fresh sediments is 
essential for fossilization, and on the 
strongly eroded desert surfaces, this 
rarely took place. The few reptilian 
fossils known were preserved under 
very exceptional conditions. Actual 
fossilized reptile footprints are a little 
more common. The lack of fossils 
makes it very difficult to separate Per- 
mian from Triassic rocks and so the 
Permian and Trias periods are usually 
considered by English geologists as a 
single episode of geological time. 


(coal-forming) period. Most of North- 
West Europe became lifted out of the 
water and the open sea of the time lay 
far to the south in the Mediterranean 
region. In Britain the most important 
effect of the movements was to fold 
the rocks of South Wales, and much of 
South-West England. The direction 
of the pressure came from the north 
and the arches of folded rock, (ant?- 
clines) such as are found in the 
Mendip hills, run in an east-west 
direction. 

A very dry Permian climate turned 
much of the new land mass into desert. 
As happens in existing deserts, the 
hot days and cool nights caused 


For land creatures to be fossilized, they have to be quickly buried as shown in this Triassic 


scene. 


alternate expansion and contraction 
in rocks and fragments soon broke off 
along planes of weakness. The pieces 
from the mountains built up fans 
which moved down into the valleys, 
occasionally assisted by torrential 
rain storms. Smaller particles were 
blown about by the wind and today 
they form red sandstones. 

In Britain there were two low-lying 
areas where sediments could accumu- 
late —a small basin in Devon and a 
wide plain stretching northwards from 
mountains in the English Midlands to 
Southern Scotland and Northern 
Ireland. Volcanic eruption poured 
lava flows over the desert floors of 
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In late Permian times much of 
Northern England became the western 
margin of an inland sea. This so- 
called Zechstein sea was centred over 
Germany and resembled the present 
Dead Sea of Jordan. The water was 
very salty; some salt was probably 
derived from drainage of the land 
but enrichment also took place when 
the open sea that lay in the present 
Mediterranean region occasionally 
broke in through a narrow entrance. 
Animal life in the water consisted of 
brachiopods, bivalves and tube-like, 
reef-forming bryozoa. Because of the 
very salty conditions these animals 


Areas of deposition in late Permian (left) and late Triassic times (right). The low-lying 
ground on which sediments accumulated are shown in green. 
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A scene in Triassic times. A 4-foot long reptile (a thecodont) which walked on two legs leaves a trail of foot prints to be fossilized. The 
smaller lizard is a close relative of today’s sphenodon. 


were exceptionally small, stunted 
forms. 

Evaporation of the Zechstein sea 
often removed water faster than it 
could be supplied from the land, and 
as a result, salts “(evaporites) were 
thrown out of solution. The order in 
which salts are precipitated depends 
upon their solubility in water. Dolo- 
mites and limestones are the least 
soluble and appear first. They are 
followed by anhydrite, gypsum, and 
finally rock-salt and salts of potas- 

sium. 

Each time evaporation took place, 
Yorkshire and Nottinghamshire which 
were on an extreme western margin, 
duly received a coating of dolomite 
and gypsum. By the time the potas- 
sium salts were thrown out of solution, 
the diminishing water lay further 
eastwards towards the centre of the 
sea. Consequently British Upper Per- 
mian rocks outcropping in the area 
include dolomites and_ limestones 
with only occasional gypsum, and 
rock-salt bands. Borings further east- 
ward have revealed increasingly 
thicker salt deposits under the sur- 
face. 

The thickest formation of dolomites 
(up to 800 feet) forms a ridge along the 
east side of the Pennines. The 
Zechstein sea however penetrated to 
the west of the Pennines and spread 
as far as Ireland. Thin dolomite 
layers were formed on top of red 
windblown sands of early Permian age. 


Trias Geography 
In Germany the Trias is three- 


layered. Two layers of land-deposited 
sediment are separated by a marine 


episode. But this invasion of the sea 
never penetrated as far west as Britain 
and the British Trias rocks all accumu- 
lated on land. The areas in which they 
were deposited was a considerably ex- 
tended version of the Permian Low- 
lands. 

In early Trias times (called the 
Bunter) pebbles and cobbles were 
still eroded from the highlands. The 
Trias climate had become wetter and 
the pebbles were rounded by river 
action. The pebbles, unlike the 
larger fragments in Permian rocks, 
are not just concentrated near the 
high land of the time. They have 
been spread over wide areas by 
occasional, swollen rivers. An interest- 
ing geological study is to relate the 
different types of pebble with possible 
parent rocks still in existence today. 

By late Trias Times (called the 


Keuper) the Armorican hills were disap- 
pearing. The most common rock is a 
fine-grained, red sediment. It was 
formed from very fine clay and silt 
particles dispersed by the wind, and 
deposited on the desert floor or in tem- 
porary lakes. 

Temporary lakes often formed as a 
result of occasional torrential rain. 
Rain water dissolved salt from the land 
and the lakes were salty. The subse- 
quent evaporation of the water by the 
hot sun left behind concentrations of 
gypsum and rock-salt. These are today 
exploited in Cheshire, Lancashire, 
Worcestershire and Somerset. 

Right at the end of the Triassic 
period, the fine-grained sediments lost 
their red colour and became green; 
red ferric salts were reduced to green 
ferrous salts in a very much wetter 
climate. 


Erosion in a Permian desert. Rock screes slide down the mountains while the wind blows sand 
as dunes about the desert floor. The blue of the Kechstein sea can be seen in the far distance. 


ORGANIC CHEMISTRY 


Cyanides 


EARLY every poisoner creeping 
through a crime fiction story is 
armed with a bottle of cyanide, his 
favourite poison. Prussic acid, also 
a cyanide, is another favourite. Its 
correct chemical name is hydrocyanic 
acid, HCN. Though the stories may be 
fiction there is certainly no fiction 
about the poisonous properties of 
cyanides. Because they are water- 
soluble they are very quick acting. 
When a cyanide is swallowed it quickly 
enters the bloodstream through the 
walls of the mouth, gullet and stomach. 
In the cells of the body it hinders the 
enzyme responsible for the using of 


ISOCYANIDES 
SMELL_YERY NASTY 


CH,.NC 
AN ISOCYANIDE 
ADE BY 


Isocyanides can be made from primary 
amines by the carbylamine reaction. This is 
also used as a test for primary amines. 


food to obtain energy. As respiration 
cannot take place in the cells, death 
follows very quickly. 

Hydrocyanic acid has now changed 
its réle from that of a master killer 
to that of an important starting 
material in the manufacture of syn- 
thetic fibres. Two well known synthetic 
fibres used for making imitation- 
woollen jumpers started out life as this 
deadly poison. 

The polymer, acrylonitrile (nitrile is 


another word meaning cyanide) does, 


as the name suggests, still contain 
the poisonous nitrile or cyanide group 
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of atoms but the molecules of the poly- 
mer are so large that the polymer is 
insoluble and non-poisonous. 

The cyanides (— CN) are a family of 
organic nitrogen compounds. The 
other families are the amines (— NHg) 
and the amides (— CO.NHg.). In fact, 
it is quite easy for a chemical com- 
pound to ‘wander round’ all three 
families and become each one in turn. 
When an amide is distilled with a de- 
hydrating agent, phosphorus pentox- 
ide, it loses HO, water, from its mole- 
cule. Acetamide CH;.CO.NH, be- 
comes CH3.CN (acetonitrile or methyl 
cyanide). Giving the molecule more 
hydrogen by treating it with zinc and 
dilute sulphuric acid makes it into the 
amine, CH 3.CH,.NHg, ethylamine. 

If there is a fishy smell when a 
compound is treated with zinc and 
dilute hydrochloric acid, this indicates 
that an amine has formed. In the 
original molecule there must have 
been a carbon atom linked to a nitro- 
gen atom — in that order, so a cyanide, 
CN, was present. 

In fact, if the nitrogen and carbon 
atoms are the other way round — NC, 
no chemical test is required to show 
this. The smell is sufficient. The smell 


The acrylonitrile fibres of 
this sweater have been made 
from acetylene and hydro- 
cyanic acid. 


of ome drop of these isocyanides will 
be remembered for a lifetime. It is 
sickly, foul and nasty. Isocyanides 
are made by heating primary amines 
with potassium hydroxide solution and 
chloroform. This can in fact be used 
as a test for primary amines. But it 
should be done with just one drop of 
amine. When a test tube full of iso- 
cyanide has been made, the smell is so 
dreadful that it is impossible to use 
the laboratory for the rest of the 
day. 

Watery solutions of cyanides tend 
to ‘go off on keeping. The highly 
poisonous compound methyl cyanide 
will be slowly transformed into acetic 
acid, vinegar. Hydrolysis takes place. 
This is helped by the presence of 
acids and alkalies. So if it is kept for 
a while, a solution of a cyanide 
will become quite harmless. It is 
best to keep cyanides as solid salts 
well locked away in a special ‘poisons’ 
cupboard. 


Cyanides can be manufactured from organic acids and ammonia. Methyl cyanide is made 
Srom acetic acid. 
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ASTRONOMY 


Measuring the Extent 


of the UNIVERSE 


RADIO TELESCOPE picks up a 
faint signal from a remote, un- 
known object in the sky. Then photo- 
graphs of this area are taken with 
optical telescopes. A faint blur on the 
photograph is investigated. The spec- 
trum of the star is analyzed, and the 
light is adjudged to come from a 
galaxy 5,000,000,000 light years away. 
This galaxy, in the constellation of 
Bootes is the most distant galaxy to be 
seen with a telescope. At present, 
it marks the limit of the observable 
Universe. 

How can astronomers be certain that 
this distance is accurate? The answer 
is that they cannot. Their estimate 
may be a few thousand million light 
years out, but at least it is thought to 
be of the right order of magnitude. 

Distance-measuring in astronomy is 
a very tricky business. First, dis- 
tances measured between two points 
on Earth must be accurate. Distances 
on Earth are used as a basis for 
measuring longer distances. Each time 
a big distance can be found accurately, 
it becomes the basis for measuring 
even bigger distances. 


Often the methods are very round- 
about, for distances cannot be 
measured directly. They are estimated 
by measuring some of the properties 
of the light from the star, which 
depend indirectly on distance. Some 
of the methods are not very accurate 
so it is hardly surprising that a few 
thousand million light years are lost 
in the process. 


Triangles in Proportion 


The basis of all distance-measure- 
ment is a standard unit of length — in 
scientific circles, the metre. The next 
most important construction is the 
triangle, for until recently, the triangle 
was used for all surveying and distance 
measuring on the Earth itself. 

The surveyor knows that if he con- 
structs a triangle with its base one 
metre long, and its other two sides 
making an angle of 80° with the base, 
he can measure anything there is to 
measure about the triangle. An im- 
portant length is the distance from 
the point where the two sloping sides 
meet to the centre of the base. This is 
2°835 metres long. 


THE METHOD 
OF 
PARALLAX 


LINE OF 
SIGHT 


/ POSITION 
— OF YACH 


The left-eye view differs from the right-eye 
view, because of parallax. The distance 
between the observer's eyes is the base of the 


triangle. The observer can work out, 
roughly, the distance of the yacht. 


The triangle below has a base 1,000 metres 
long. If large-scale triangles have the same 
angles as small-scale triangles, the lengths 
of their sides are all in proportion. 


The whole Earth can be charted by suc- 
cessive triangulation. Long distances on 
Earth are used as the basis of triangulating 
the Moon and the planets. 


This triangle is drawn on a scale measurable 
with a metre rule. Once short distances are 
known accurately, longer distances can be 
measured from them. 
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CHARTING THE 
SOLAR SYSTEM 


He then uses a similar triangle. 
For example, his new base may be 
1,000 metres long, accurately measu- 
red along the surface of the Earth. He 
observes a prominent object nearby 
and measures the angle his line of sight 
makes with the base-line. If the angle 
at both ends is 80°, he knows for cer- 
tain that the triangles are s¢milar, and 
that the object is 2,285 metres away 
from the centre of his base-line. The 
angles of the large-scale triangle are 
exactly the same as the angles in the 
small-scale triangle, and all lengths 
associated with the triangle are in- 
creased in proportion. The whole 
Earth can be charted by successive 
triangulation. 

The first step into space is the tri- 
angulation of the Moon. The Moon is 
observed at the same time from the two 
ends of a long base-line on Earth. It 
seems to occupy slightly different posi- 
tions against the ‘fixed’ starry back- 
ground. The apparent position is 
measured. From the angles, the dis- 
tance of the Moon can be calculated. 


When observed at the same time from two 


different points on the Earth, the Moon’s 


position is different. Its distance is calcu- 
lated from the parallax shift. 


1544 


This is called the method of parallax. 
Radar and Scale Models 


The next important distance to be 
measured is the distance of the Earth 
from the Sun. This distance is given 
the special name the astronomical unit. 
It is, however, impossible to measure 
the shift in the angular position of 
the Sun at the two different ends of a 
base-line, because the brightness of 
the Sun blocks out the starry back- 
ground. An indirect method is called 
for. The movement of the planets is 
charted. They follow elliptical orbits 
around the Sun. The periods of their 
orbits and their speeds depend on 
their distances from the Sun. In fact, 
from their observations astronomers 
could make a scale model of the Solar 
System. All the planetary orbits are in 
the right proportion. Discover any 
one of the distances absolutely and the 
right scale of the Solar System im- 
mediately follows. 

The most accurate distance known 
in the Solar System is the distance 


AN OLD-FASHIONED 
SEXTANT 

FOR PLOTTING 

POSITIONS OF 

PLANETS 


SCALE MODEL OF 
THE SOLAR SYSTEM 


By carefully plotting their movements, and 
knowing the laws of motion of the planets, a 
scale model of the Solar system could be 
made. 


between the Earth and Venus. It has 
been determined by bouncing radar 
signals off Venus. Radar waves travel 
with the speed of light, which is known 
accurately. The time between the 
sending of the radar beam and recep- 
tion of the radar ‘echo’ is measured. 
Knowing this and the speed of. the 
radar waves it is a simple matter to 
calculate the distance of the planet. 

The scale of the whole solar system 
is found and with it an accurate 
measurement of the astronomical unit. 
The mean distance of Earth from the 
Sun is 92,868,000 miles. 


Parallax and the Parsec 


The diameter of the Earth’s ellip- 
tical orbit makes a very useful base- 
line for triangulation and the method 
of parallax. Again, the idea is to 
measure the shift in position of a 
nearby star against the background of 
‘fixed’ stars — (These are much farther 
away, so hardly appear to shift at all). 
The positions are charted at time 
intervals of 6 months when the Earth 


One accurately measured distance in the 
Solar System gives the scale of the whole 
system. This is found by bouncing radar 
waves off Venus. 


RADIO- 
TELESCOPE 
ON EARTH 


EARTH'S 
ORBIT 


is at opposite ends of its orbit. This 
must be done very accurately, because 
the parallax angles are very small in- 
deed — the biggest one is less than an 
(angular) second (i.e. less than a 
360th of a degree). 

At this distance the mile becomes a 
small unit. Different measurement 
units are used. Two units of about 
the same size replace it — the parsec, 
the distance at which the parallax 
angle is one second, and the light year, 
the distance light travels in one year 
(5,880,000,000,000 miles). One parsec 
is 3° 26 light years. The light year is the 
more convenient unit and it is used 
right to the limit of the observable 
Universe. 


Comparing Luminosities 


Parallax is no use for distances 
greater than 150 light years. The 
parallax angle is masked by other 
effects, and is too small to be measured 
accurately. The method which re- 
places it can work because there are a 
very large number of stars in the sky. 


With the diameter of the Earth’s orbit as a 
base, the parallax of nearby stars is found. 
Parallax becomes negligible beyond distances 
of 150 light years. 


COMPARING 
LUMINOSITIES OF STARS 


Stars fall into different types — spectral 
types. The spectrum of the light from 
the star shows which colours of light 
are given out by the star in their 
relative proportions. If two stars give out 
exactly the same relative proportions 
of all the different colours, it is 
reasonable to suppose that they are the 
same type of star. Probably they are of 
the same luminosity, and roughly the 
same size. 

Two stars are giving out the same 
amount of light. The distance of the 
nearer one is measured by parallax. 
But because its light has travelled a 
shorter distance, its light appears 
more intense. The distance of the 
second star can be calculated since 
it is known exactly by how much the 
extra faintness results from the extra 
distance travelled by light. 

This works up to distances of 10,000 
light years, and it covers only a very 
small fraction of our own galaxy. 
Beyond this, other effects distort the 
spectral lines and the method is no 
longer accurate enough. Next comes 


The photograph reveals the apparent lumi- 
nosity of the stars. The spectra show that 
they are of the same type. It also shows the 
real difference in luminosity. 
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| THE RED SHIFT 


the variable Star, the Cepheid vari- 
able. Its luminosity changes regularly. 


The Cepheid Variables 


The previous method compared the 
luminosities of stars. Their distances can 
then be compared by assuming that 
the stars are really of the same lumi- 
nosity. When Cepheid variables are 
used, the luminosities are also com- 
pared but with the extra assumption 
that the Cepheid is behaving in a 
regular way. Its light brightens and 
fades at regular intervals of time. The 
luminosity can be calculated from the 
period because luminosity and period 
of Cepheid variables vary according 
to a known rule. 

The nearby Cepheids are charted 
and their distances measured. This 
enables their (average) luminosity to 
be worked out. Then it is assumed that 
the period luminosity rule applies to 
distant Cepheids in the same way as 
nearer Cepheids. A distant Cepheid 
has a certain period so it must have a 
certain luminosity. Luminosities are 


The period and the luminosity of the 
epherd variable stars obey a known rule. 


The luminosity of a distant Cepheid follows 


once its period is known. 


1945 


compared, and the distance found. 

Often Cepheids, which are all very 
bright stars, can easily be distinguished 
from clusters of stars. About 3°% of all 
visible stars are Cepheids, so it 1s 
reasonable to suppose that there will 
be some observable ones in_ star 
clusters containing up to a million 
stars. Many stars tend to form in 
clusters. One Cepheid in one cluster 
is used to measure the distance of the 
whole group. All the stars are at 
roughly the same distance. 
The Supergiants 

After the Cepheids become too faint 
to be seen, the next useful stars are 
the supergiants, the brightest of all 
stars. The assumption made is that all 
the supergiants everywhere are of the 
same brightness. This is thought to be 
a fair assumption, since there seems to 
be a limit on the size and brightness of 
stars. The supergiants are the only 
stars distinguishable from the rest of 
the galaxies. So, again, by comparing 
their luminosities with nearer super- 
giants, their distances can be worked 
out. Galaxies occur in clusters. From 
one prominent supergiant in one 
galaxy the distance of all the millions 
of millions of stars in the galaxy 
cluster is estimated. 
The Red Shift 

When even supergiants are no longer 
prominent in the galaxy, the light 
from the whole galaxy is examined. 
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The observer secs tivo light sources. One ts four times brighter than the other. 
Light from both has similar spectra and it is assumed that they come from 


LIGHT FROM EACH SOURCE 
IS ANALYZED (THE SPLITTING 
OF LIGHT BY THE PRISM IS 
EXAGGERATED) 


similar sources.. Light intensity falls off according to an inverse square law, so the 
observer works out that one candle ts twice as far away as the other. 


It is split up in its spectrum. Dis- 
tinguishing features in the spectrum 
are prominent dark lines caused by 
absorption of light by the galaxy. 
These dark lines normally occur at 
the very far end of the blue end of 
the spectrum. But if the galaxy is 
moving quickly away from the Earth, 
(as galaxies invariably are), the light 
waves are distorted. 

Their wavelength increases, because 
light waves are ‘pulled out’ and 
stretched as the galaxy moves away. 
An increase in wavelength implies a 
shift towards the red end (longer 
wavelength) of the visible spectrum. 
The shift is only small when the 
velocity is small. When the velocity is 
much bigger, the shift is much bigger. 


This is called the red shift. 

With the nearer stars, observations 
have shown that the more distant the 
stars are, the bigger the shift to the 
red part of the spectrum. More distant 
stars seem to be speeding more quickly 
away from the Earth. Distant stars are 
rapidly becoming more distant. 

In the light received from the galaxy 
in Bootes the lines were in the green 
part of the spectrum. They had been 
shifted red-endwards for over half the 
width of the visible spectrum. The shift 
showed that the velocity of the galaxy 
was 90,000 miles per second — nearly 
half the speed of light. Providing that 
the shift increases with distance, 
this corresponds to a distance of 
5,000,000,000,000 light years. 


The distance of a whole cluster of stars is 
found by measuring the distance of a single 
Ccpherd variable star in the cluster. 
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All supergiants, the largest of stars, 
are assumed to have the same absolute 
luminosity. By finding their apparent 
luminosity, distance can be found. 


All the distant galaxies are receding away 


from the Earth. Their speed is a measure of 


their distance, and can be calculated from 


the red shift. 
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CAPACITORS in electronic circuits 

are used as temporary storers of 
electric charge. The capacitor con- 
sists of two metal plates (the electrodes) 
separated by an electrical insulator 
(the dielectric). A special feature of 
electrolytic capacitors is that one of 
the plates is covered by an electrolyte, an 
ionic substance which conducts ‘elec- 
tricity. For their size, electrolytic 
capacitors have a very large capaci- 
tance, or ability to store electric 
charge. 

The charge is stored on the elec- 
trodes themselves, and the dielectric 
between the electrodes. Although the 
atoms in the dielectric cannot be 
moved bodily by ihe electric field be- 
tween the electrodes, positively 
charged nuclei can be shifted slightly 
towards the negative electrode and 
negatively charged electrons can be 
shifted slightly towards the positive 
electrode. While they are shifted, they 
are, in effect, storing charge and in- 
creasing the amount of charge held on 
the electrodes. 

A thin piece of dielectric is better 
than a thick piece. The electric field 
between the electrodes is higher when 
they are closer together since the 
charge on one plate can induce a larger 
charge on the other plate. 

In electrolytic capacitors, the dielec- 
tric is very thin indeed. It is a film of 
aluminium oxide formed directly (by 


, 
ALUMINIUM 
(THE POSIT) 
PLATE) 


ELECTROLYTIC 


Electrolytic capacitors have high capacit- 
ances. Usually, the bigger they are, the 
higher the voltage difference they can with- 
stand. 


CAPACITORS 


electrolysis) on one of the aluminium 
electrodes. This very thin film gives 
the electrolytic capacitor its very high 
capacitance. However, to make full 
use of the very thin dielectric, it must 
be in good electrical contact with both 


A thick dielectric leads to low electric field 
and low capacitance. Electrolytic capacitors 
have very thin dielectrics. This is the reason 
for their high capacitance. 


THICK 
DIELECTRIC 


DIAGRAM OF 4 CROSS- 
SECTION OF 


ELECTROLY? &PACIT 


DIELECTRIC 


Left: A thin film of oxide is formed on the 
positive electrode. Above: the space between 
film and negative electrode is filled with 
electrolyte. 


STATIC ELECTRICITY | 


electrodes. This is achieved by filling in 
the space between the oxidized elec- 
trode (the positive electrode) and the 
other electrode with the electrolyte. 
Electric current can flow through the 
electrolyte because it contains free 
positively and negatively charged 
particles, or zons. 

There are disadvantages in having a 
very thin dielectric. It does not in- 
sulate electrode from electrode if the 
voltage difference across the plates is 
too high. Most small electrolytic capa- 
citors can withstand a voltage differ- 


The capacitance of an electrolytic capacitor 
is high because the dielectric is thin. 


THIN 
DIELECTRIC — 
MORE CHARGE 
ON PLATES 


ence between electrodes of only a few 
volts, but this is quite adequate for 
capacitors in transistor radio sets, 
where voltage differences are never 
more than a few volts. Capacitors to 
withstand higher voltages can be 
made, but they are inevitably larger. 

Most electrolyuc capacitors can be 
connected into a circuit only one way 
round. The electrode with the alumin- 
ium oxide layer must be positive. If 
it is connected the other way around 
the oxide will decompose. 


BIOLOGY 


EXPERIMENTING WITH WATER 


HEN a plant is cut and left with- 
out water it quickly wilts. Water 

is lost by evaporation; the cells lose 
their shape and turgidity and the whole 
plant becomes limp and floppy. Water 
is therefore of prime importance to 
the structure of a plant. Water- 


WATER IS GIVEN 
OFF BY THE LEAVES 
AND CONDENSES 


plants may contain up to 95% of water 
while even a sturdy tree is half water in 
terms of weight. 

Not only does water control the 
shape of plants — it is the basis of the 
living protoplasm. It is the medium in 
which all the processes of life go on. 
Water is the solvent for the mineral 
salts used in nutrition and for the 
sugars produced by photo-synthesis. 
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Plants obtain their water from the 
soil. Water and the dissolved mineral 
salts pass into the root hairs of the 
plants and from there they move up 
the stem and into the leaves. The water 
travels up the conducting vessels called 
xylem. This can be shown by putting a 


LITTLE OR 

NO WATER IS 

GIVEN OFF BY 

THE LEAFLESS 
EMS 


OBALT 
CHLORIDE 


UNDERSIDE 
OF LEAF 


small plant (or a cut shoot) in a solu- 
tion of eosin. This red dye can be seen 
clearly in the xylem vessels. Quite how 
the water gets into the vessels is 
obscure but there is‘some sort of pres- 
sure (root pressure) set up in the tissues 
of the root. This pressure also forces 
water up the xylem vessels. Root pres- 
sure can be demonstrated but, al- 
though it may be large enough to 


force water up to the leaves of a small 
plant, it cannot possibly be the cause 
of water’s rising to the tops of large 
trees. 

Plants actually use only a tiny 
proportion of the water that they 
absorb from the soil. The rest passes 
out of the leaves through tiny pores 
called stomata. The leaves consist of a 
mass of loosely packed cells with large 
inter-cellular spaces. The surfaces of 
these cells and the spaces are covered 
with a film of water. As some of this 
evaporates into the air, more takes its 
place from the cells themselves. ‘This in 
turn exerts a force on neighbouring 
cells, and water is eventually drawn 
from the xylem. The force exerted by 
the thousands of leaves of a tree is 
believed to be responsible for pulling a 
column of water right up the trunk. 
This sucking force can be demon- 
strated by experiment. 

The evaporation of water from the 


Eosin solution is drawn up the vessels of a 
stem. Only the vessels appear red in the 
section across the stem. The experiment will 
work with both a potted plant and with a cut 
shoot dipped in Eosin. 


IN PLANTS 


WATER 
VAPOUR 
GIVEN OFF 


Experiments on Transpiration and Water Absorbtion 


Cut shoots can be used to demonstrate the suction developed by the transpiring 
leaves. A leafy shoot inserted into the apparatus (potometer) as shown gives off water SEU GIR 
vapour. This loss is made good by drawing on the water in the apparatus. The rate of 
movement of the air bubble along the capillary tube is a measure of the rate of transpira- 
tion although it does not correspond exactly with the actual loss of water. This is 
because some water is used up in photosynthesis. 

If the potometer is placed in different conditions such as a dry, windy place and a 
humid atmosphere, the rate of water uptake will vary considerably. There will be little 
transpiration in a humid atmosphere and the absorption of water will decrease. This 
shows how the transpiration at the leaf surface draws water up the stem. 


OPENING 
_ THIS TAP 
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END AND 
EXPERIMEN 

CAN BE 
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POSITION OF 
THE AIR/WATER JUNCTION SHOWS 
HOW MUCH WATER HAS BEEN USE 


leaf is called transpiration and the more quickly than it can draw it up 
stream of water flowing through a from the soil. The plant then wilts. It 
plant is called the transpiration stream. does not, however, go on wilting 
The rate of evaporation depends upon _ indefinitely for the tiny pores in the 
the temperature and the humidity.On leaves close up when the surrounding 


a dry, windy day the evaporation cells lose much water. Further water 
increases and the plant may lose water _loss is then halted. 


WATER 
PASSES INTO 
SUGAR 
SOLUTION 


The cut stem is fixed into a rubber connec- 
tion which joins it to the mercury —filled 
manometer. The root pressure forces the 
mercury round and the pressure can be read 
on the graduated tube. 
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| OPTICS | 
Focus and Focal Length 

Rays of light travelling parallel to” 
the axis of a lens or mirror are bent 
when they pass through the lens or are — 
reflected by the mirror. The point on ~ 
which the rays converge (come to-| 
gether), or from which they appear to | 
diverge (fan out) is called the focus. The © 
distance from the focus to the lens or | 
mirror is its focal length. Lenses and — 
mirrors having short focal lengths are | 


said to be more powerful than those 
with longer focal lengths. 


OBJECT 


RADIUS OF CURVATURE 
= 2 x FOCAL LENGTH * CONCAVE 
MIRROR 


Concave Mirror 


If rays of light travelling parallel to its 
principal axis strike a concave mirror 
they are reflected through the focus of 
the mirror. Conversely rays passing 
through the focus of this type of mirror 
are reflected so that they are parallel 
to its principal axis. lf an object is set up 
at the centre of curvature of a concave 
mirror, some rays from it will reach the 
mirror by travelling parallel to the 
principal axis while others will pass 
through the focus. A real and inverted 
image of the object is formed at the 
centre of curvature. 

This suggests an easy way of finding 
the focal length of a concave mirror 
since the centre of curvature is twice 
as far from the mirror as the focus. A 
pin is slowly moved towards the 
mirror. At first it produces an image 
which is smaller than the object and 
closer to the mirror. But gradually the 
image gets bigger at the same time 
moving away from the mirror. Eventu- 
ally a point is reached when object and 
image are the same size and are in the 
same plane. This can be checked for no 
parallax — both pins appear to move as 
one. The distance of the pin from the 
mirror is measured — half this distance 
is the focal length of the mirror. 


When viewed from the front the two pencils 
(left) appear to coincide although one is 
behind the other. However, by moving the 
viewpoint to the left or to the right, a gap 
appears between the two pencils. However, 
Uf the two pencil points actually touch (i.e. 
there is no parallax between them) they 
always coincide no matter from which 
direction they are viewed. 
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Finding the FOCAL 


HE designer of an optical instru- 
ment needs to know the focal 
lengths of the lenses or mirrors he 
is using. When he has this information, 
he can work out the positions of the 
various components of the system to 
give the required magnification and to 
bring the image to focus in the correct 
position. 

The focal length of a lens or mirror 
will determine, to some extent, the 
purpose for which it can be used. For 
instance, a convex lens (thicker at the 
centre than at the edge) of short 
focal length is ideal for use as a 
magnifying glass (simple microscope) 
whereas a convex lens of long focal 
length is necessary in a camera if 
large images of distant objects are 
required. 


2 AGL MRS SPOS eo EY ————— 


I 2 3 
PARALLAX- 
PENCIL POINTS DO 
NOT COINCIDE PLAN 
VIEW 


As the focal length is such an 
important property of the lens or 
mirror, various methods have been 
devised for measuring the distance. 
The methods described here give a 
value of the focal length by direct 
measurement: no calculation is neces- 
sary in arriving at the result. How- 
ever, some of these methods yield 
only approximate values, while others 
giving greater accuracy entail quite 
a lot of calculation. 

Locating the focus of convex lenses 
and concave mirrors is quite easy 
because both yield real images (i.e. 
images which can be formed on a 
screen) of real objects. In contrast, 
concave lenses and convex mirrors 
always produce virtual images of real 
objects. Virtual images are more 


LENGTH 


difficult to find because light rays 
do not actually pass through them — 
they only appear to do so. A convex 
lens can be used to create a virtual 
object for the concave lens or convex 
mirror and this virtual object in turn 
yields a real image. 

Several of the methods require the 
position of an object and its image 
to coincide. This can be checked 
by the method of parallax. Very briefly, 
this is done by the observer moving 
his head from side to side. If the 
object and image do not coincide, 
one will have moved further than 
the other. However, if they are in 
the same plane their positions will 
always coincide, irrespective of 
the position from which they are 
viewed. 


Finding the focal length of a convex mirror. 
The mirror 1s moved backwards and for- 
wards until a sharp image of the light 
source appears on the screen with the hole 
in it. 
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RAYS PLANE 


MIRROR 


OBJECT 


[SAGE CONCAVE 
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Concave Lens 


If light travelling parallel to the principal axis of a concave lens (thicker at the edge 
thanat the centre) strikes the lens it is made to diverge (fan out) as if it originated from 
the focus of the lens. Conversely a beam converging upon the focus of a concave lens 
emerges as a parallel beam. 

In this method for finding the focal length of a concave lens, a convex lens is set up some 
distance in front of a plane mirror. A pin is then placed in front of the lens and is moved 
until the image created by the lens and plane mirror seems to coincide with the pin, i.e. 
there is no parallax. These parts of the system must now be left undisturbed. 

Next the concave lens under examination is placed between the convex lens and the 
mirror. The concave lens is then moved until there is no parallax between the image of 
the pin and the pin. Then the distance of the concave lens from the mirror equals the 
focal lehigin of the concave lens. It is only under these conditions that the rays from the 
object can form an image in the same plane. The rays which formerly converged upon the 
mirror must now be reflected at right angles by it. 


SCREEN 


SCREEN 
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| FAMOUS SCIENTISTS | 


HE best-known scientists are usu- 

ally the men who discover im- 
portant natural laws. Newton, Darwin 
and Einstein are examples. But the 
humbler, rank-and-file workers who 
do no more than amass new facts from 
their experiments are equally im- 
portant for the advancement of 
science. Such a figure was Luigi 
Galvani. 

Galvani spent his life experiment- 
ing. He was an extremely skilful 
worker and an accurate: recorder. It 
is probable, however, that he would 
have remained unknown except for a 
single observation he made during the 
course of his investigations. This ob- 
servation was to pave the way for the 
great understanding of electricity and 
its subsequent use as a source of energy. 

Galvani was born in_ Bologna, 
Northern Italy, during the year of 
1737. Theology was his first study but 
he gave this up in favour of a medical 
career. He lived in Bologna all his life, 
first practising as a physician and then 
lecturing on medicine at the Univer- 
sity. In 1775 he was made Professor of 
Anatomy there. 

His early investigations were con- 
cerned with structural differences in 
various kinds of animal. In 1780, when 
he was 43, he started a series of ex- 
periments to show the effect of elec- 
tricity on the action of the muscles. 
The work took eleven years to com- 
plete, and involved hundreds of 
experiments with animal preparations 


Luigi Galvani (1737-1798) was a devoted experimenter and even used the discharges 


between thunder-clouds as one of his supplies of electricity. It was whilst working in the open 
air with frogs’ legs that he found a new source of electric current. He died without realizing 


the true meaning of his discovery. 


— usually frogs’ legs. In the course of 
these detailed studies he unknowingly 
stumbled across many electrical phe- 
nomena — electric waves, — electro- 
magnetic induction and electric oscil- 
lations. He never followed up this 
work however, and understanding and 
explanations of these phenomena came 
much later. 


A New Source of Electricity 


For his chief supply of electric 
current, Galvani used the simple 
electrostatic machines of the day. They 
were primitive devices that had to be 
charged by friction. For his other 
supply he used electrical disturbances 
in thunderstorms — which meant car- 
rying out his experiments in the open 
during violent weather. At every 
lightning flash, the leg muscles of the 
frog would contract. To conduct the 
atmospheric electricity to the leg 
Galvani used large metal objects. For 


instance he would place the leg 
muscle in contact with an iron fence 
while the nerve was attached to a 
brass hook. In 1786 he made the ob- 
servation which had brought about 
his fame. He noticed that if the two 
metals he used for conduction were in 
contact, the muscle would still con- 
tract even when the skies were clear. 
He carried out similar experiments 
inside with the same result. He also 
found that the strength of the con- 
traction depended upon the metals he 
used. 

Here was a new source of electricity 
independent of friction machines or 
lightning. Unfortunately Galvani 
never realized the importance of the 
discovery. He himself thought the 
electricity came from the animal. It 
was left to a fellow Italian, Alessandro 
Volta, to show that the electric current 
was in fact produced by the two metal 
surfaces making contact. 


[SOUND | 


BEATS and PIANO TUNING 


AN old fashioned aeroplane throbs 
and drones its way across the sky. 
The sound is heard by someone stand- 
ing on the ground. Sound is reaching 
his ears in pulses which periodically 
gather strength, die away and gather 
strength again. 
The engines of the aeroplane are not 


When the piano ts not in tune with the tuning fork, surges of sound called ‘beats’ are heard. 


When in tune, there are no beats. 


SOUND WAVE 
FROM TUNING 
FORK 


BEAT 
BEAT 


THE TWO WAVES INTERFERE 
TO PRODUCE BEATS 


SOUND WAVE 

FROM PIANO 

OUT OF TUNE 

WITH TUNI 
ORK 


OrkingAn spasms. They have to work 
all the time and each engine gives out a 
continuous note. But the two engines 
are not quite ‘in tune’ with each other. 
One is giving out a note of slightly 
higher frequency than the other. The 
two lots of sound interfere and the 
result is heard as a pulsating noise. 

A similar thing happens when light 
waves interfere. When two sets of light 
waves are made to get slightly out of 
step, they periodically reinforce and 
cancel each other out. Light and dark 
stripes result if a screen is placed in 
their path. In sound, the noise grows 
more intense and dies away. 

This pulsating effect is only heard 
when the two interfering sources have 
very similar frequencies. One sound 
could be middle C. The waves leaving 
the source have a frequency of 256 
cycles per second. No human brain can 
detect a note rising and falling 256 
times each second. The sound is heard 
as a pure unwavering note. The other 
note is lower in pitch — the frequency 


is 252 cycles per second. On its own, 
this too is heard as an unwavering 
note. But together the two make a 
sound which pulsates. 

The two sets of waves start out in 
phase. They add together and the sound 
is loud. By the time &th of a second has 
passed they are completely out of step 
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These two waves are in tune and when they 
interfere, there are no beats. 


and the intensity drops. Another 
eighth of a second later when they are 
back in step again the volume surges 
up again. There is a frequency differ- 
ence of four cycles per second and 
there are four pulses or beats each 
second. These beats are far enough 
apart to be heard. 

When the second source has its fre- 
quency raised to 254 cycles per second, 
there is a difference of only two cycles 
per second. Now a quarter of a second 
has to pass before the sound drops and 
another quarter of a second before the 
next pulse of sound. There are two 


beats per second. 

As the two vibrating objects ap- 
proach the same frequency, the beats 
grow further apart. The rise and fall in 
intensity takes place much more 
slowly. Then when the intensity is 
completely without variation the two 
notes match. 
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Beats are used in this way whenever 
a musical instrument is being tuned. A 
piano goes out of tune because the key 
which holds a wire in tension slips. 
Whenever the tension is released, the 
note changes. First of all the piano 
tuner must adjust the tension of middle 
C so that it gives out the correct note. 
He can then tune the rest of the piano 
by comparison with this note. 

He uses a tuning fork because its fre- 
quency is chosen to coincide with the 
correct middle C for a piano. When he 
taps its prongs and holds the base on a 
solid surface, it gives out a note. He 
plays middle C which is slightly out of 
tune with it and hears beats. He ad- 
justs the tension key until the beats 
grow further and further apart and 
gradually disappear. When there are 
no beats the two frequencies are the 
same, and that particular note has 
been tuned. 
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The toy’s flywheel is started rotating by sweeping the wheels along 


™ 


FLYWHEEL IS GIVEN 
NERGY ~ 


the floor. The inertia of the flywheel keeps it.running.T he energy in 
the rotating flywheel 1s used up in overcoming friction as the toy 


moves across the floor. 


INERTIAand MOMENTS 


of INERTIA 


T would be very surprising if a 
stationary ball started to move 
of its own accord. If the ball is at 
rest, then its natural tendency is to 
stay at rest. Every material thing has 
the same tendency (called inertia) to 
stay in exactly the same state. The 
only way of shifting it is by applying a 
force. 

When the ball is moving steadily, 
its inertia tends to keep it moving. 
The bigger the mass of the ball (the 
amount of matter in it) the more 
inertia it has. It needs a more power- 
ful shove to move it (to overcome its 
inertia), and a bigger force acting in 
the opposite direction to slow it down. 
Inertia depends on the mass of a body. 

Anyone who has whirled a ball 
round on the end of a string knows that 
the exertion required to get it moving 
is more than the force necessary to push 
it so that it moves in a straight line. 
Once the ball is moving, it is more 
difficult to slow it down again. Its 
inertia has been increased _con- 
siderably without adding to its mass 
(the string contributes practically no 
mass at all). So inertia depends on 
other factors besides the mass of the 
ball. It depends on the shape and size 
of the whole whirling object, i.e. string 
plus ball on the end of it. As the length 
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of the string increases, the inertia 
increases. The ball exerts a force 
some distance away from the hand 
holding the string. A force multiplied 
by its distance from the turning point 
is called a moment. In the same way, the 
ball has a moment of inertia about its 
turning point. The moment of inertia 


Moment = force xX distance 


Moments and Moments of Inertia 


The moment of a force is equal to the 
force multiplied by its distance from 
the pivot. 

The Moment of Inertia is found by 
adding up all the products of mass and 
distance squared for all the particles 
making up the rotating body. 


q 
is 
1 


Moment of Inertia 
involves 
mass x (distance)? 


I. Is THE MOMENT “SS 


@ IS THE ANGULAR 


FLYWHEEL 


takes into account the mass of the ball, 
and its distance from the turning 
point. It is a measure of the force 
needed to change the whirling 
ment in any way. Another us 
property of the moment of inertia is tha “i 


it shows how much energy the whirling ox 


ball possesses. 

A ball at the end of a long piece of 
string moves faster through the air 
than a ball at the end of the short 
piece of string, if they both complete 
just as many rotations per second. The 
ball moves faster, so it has more 
energy. The ball is further away 
from the turning point, so it has a 
bigger moment of inertia. 


Energy = + mv? 


Kinetic Energy 


The kinetic energy of any body 


moving in a straight line is equal to 
half the product of the mass (m) and 
the velocity (v) squared. 

When the body is rotating, its 
kinetic energy is equal to half the 
product of moment of inertia (I) and 
angular velocity (@) squared. 


OF INERTIA 


VELOCITY 


Energy = + lw’ 


Particles spinning near the axts of rotation have less inertia than those spinning a long way from the axis. 
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FLYWHEEL 


IN CENTRE 
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Se, 
The moment of inertia of the flywheel can 
be calculatedby working out the contribu- 


tion of every pieee of the flywheel. 


Bs oo anda rtia 
The convention Pear engine does 
ae produce nce energy centinu- 
ously. As the pistons moxe up and 
down in, the cylinders, energy is re- 
leased in jerky bursts. Without the fly- 
wheel, the Bursts of energy would: be 


*~- crankshaft. 


Momentum = mv 


Momentum and Angular 
Momentum. 


The momentum of the skater moving 
ina straight line is equal to mass multi- 
plied by velocity. It is a measure of the 
force needed to stop and start. 

The spinning skater has angular 
momentum, a measure of the turning 
force needed to start and stop the spin. 
It is equal te Moment of Inertia multi- 
plied by angular velocity. 


Angular Momentum = 
= la 


PARTICLES 

ON OUTSIDE 
ACCOUNT 

FOR PRACTICALLY 
ALL THE INERTIA 


EXPLOSION IN 
CYLINDER PUSHES 
TPHS RISTONA . 


The inertia of the car's 
flywheel smoothes out the 
jerky movement of the pis- 
tons. The flywheel ws 
attached to the crankshaft. 


BUT 


A bigger moment of inertia (for the same site 


mass) comes when the mass is concentrated 
in the rim. It is farthest from the axis. 


transmitted, through the crankshaft 
(to which the pistons are connected) to 
the wheels. The car would not run 
smoothly. 

The car flywheel, however, is built 
to have inertia. It is a thick-rimmed 
steel disc attached to the end of the 
Once it is set rotating, 
jts inertia ténds to keep it rotating. 
The. flywheel tesists changes in its 
rotati®p, so it smoothes out the jerki- 
ness in the piston movement. Inertia 
keeps the “erankshaft and the wheels 
turning smoothly. 

The thicker ‘rim of the flywheel 
“gives it a moment»of inertia=bigger ~ 
than if the same amount of metaF di. e. 
the Same: mages) were cast, into a oe 


CRANKSHAFT 


‘e 


a bigger momentrof inertia. 


The toy finally stops when fric 
tion has used up all the energy 
of the rotating flywheel. Only a 
force (like friction) can overcome 
the toy’s inertia. 
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ELECTRICITY 


MEASURING CURRENTS and VOLTAGES 


CURRENT IN COIL 
CAUSES IT TO 
SWING ROUND IN 
MAGNETIC FIELD 


FIXED SOFT 
IRON CYLINDER 


+ 


The moving-coil galvanometer. This delicate current-measuring 
instrument depends on movement of a coil suspended in a magnetic 
field when a current is passed through the coil. 
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COIL of wire becomes a magnet when a current flows 

through the wire. If a coil like this is pivoted in a 

magnetic field, it will turn so that its north pole faces the 
south pole of the magnet. 

One type of meter for measuring current or voltage 
depends on this movement of a coil in a magnetic field — 
these instruments are moving coil meters. 

The movement of the coil is controlled by springs which 
also lead the current to and from it. Without springs, even 
the slightest current would cause the coil to turn through a 
right angle. The deflection of the spring-controlled coil 
depends on the size of the current flowing through it. It 
also depends on the strength of the magnet and on the size 
and number of turns on the coil. ‘These factors are all 
constant and fixed by the manufacturer. The addition of a 
fixed soft iron core helps to produce a uniform magnetic 
field which ensures that the deflection of the coil is propor- 
tional to the current passing through it. 

This instrument, called a galvanometer is very delicate and 
only a very small current (often less than —— amp) can 
be allowed to pass through it. iad 
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VOLTMETER = GALVANOMETE 
+ HIGH RESISTANCE» 


ACTUAL CURRENT 
Z THROUGH COIL 


A galvanometer is converted into a voltmeter by connecting it in 
series with a large resistance multiplier. The dial can then be 
calibrated to read volts, the voltage range depending on the 
resistance of the multiplier. 


ACTUAL CURRENT 
PASSING THROUGH 
Ammeters ’ 


SCALE READS 
MAIN CIRCUIT 


Voltmeters 

From Ohm’s law we know that the current flowing 
through a resistor and lamp wired in parallel depends on 
the voltage drop across them. 

If the voltage across the resistor and lamp is increased, 
the current through both is increased. 

The division of the main current between lamp and 
resistor depends on the resistance of each. If the resistor has 
a low resistance like a galvanometer, current will more 
readily pass through it than through the lamp which may 
hardly glow at all. 

If the resistor has a very high resistance, hardly any 
current will flow through it and the lamp will glow 
brightly. 

A very high resistance (called a multiplier) is added to the 
galvanometer in series with the coil to ensure that a very 
small fraction of the current flows through it. This arrange- 
ment can be used as a voltmeter. 


CURRENT THROUGH 


A galvanometer is converted into an ammeter by placing it in 
parallel with a low resistance shunt. This enables it to be used to 
measure large currents. The current range depends on the 
resistances of the meter coil and the shunt. 


Using Ohm’s Law it can be seen that if a higher voltage 
is applied, more current flows through the voltmeter (and 
through the lamp) and the deflection of the coil is greater. 

If a voltage of 10 volts is to be measured and the resis- 
tance of the multiplier and galvanometer is 1,000 ohms, the 


current through the coil will be 0-01 amp (I = ue 

If the voltage is doubled the current through the coil will 
be 0-02 amp and the deflection is doubled. Therefore a 
current of 0-o1 amp through the coil represents a voltage 
of 10 volts. 0-02 amp a voltage of 20 volts. 

Ammeters 

To use a galvanometer to measure larger currents a shunt 
is used which allows only a small fraction of the total cur- 
rent to flow through the coil. 

The shunt consists simply ofa wire offering the current an 
easier alternative route by-passing the coil. By choosing the 
right resistance for the shunt, a known fraction of the total 
current passes through it. 

For example if the shunt is designed to allow $9 of the 


’ oats : I 
current in the main circuit to pass through it then ae of 


the main current will pass through the coil and cause a 
deflection. 

If the current in the circuit is 2 amps, the deflection will 
be produced by — amp (0:02 amp). If the current 


flowing through the coil is half this value (0-01 amp) the 
current in the main circuit will be 1 amp. The scale can 
therefore be calibrated to read the current flowing through 
the main circuit. 


In the hot-wire ammeter (left) a wire becomes hot on passing an electric current. As it becomes hot it expands and causes a pointer to 
move across the meter dial. In the moving iron ammeter, a magnetic field is produced by the current passing in a fixed coil. Two pieces 
of iron are placed in the coil, one fixed and the other pivoted. The magnetism induced in the iron ioreige causes them to repel each 
other and the pivoted one causes deflection of the attached pointer. The deflection depends on the 


SPRING beep 


SPRING TAKES UP SLACK 


g in the coil. 


SPRING 


MOVING ~ = ~ 
IRON FIXED IRON 
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ECOLOGY 


HOW MANY 


FROGS ? 


KCCLoGy is the science that deals 
with the relationships between 
plants ind animals and their surround- 
ings. When studying the effect of 
animals on their surroundings, for 
example how much food they eat, it is 
often necessary to have some idea of 
the number of animals present in the 
area. It is virtually impossible to 
catch.every individual in the area, 
but there is a method that gives a 
sufficiently accurate estimate of the 
numbers of a particular animal. 
Suppose a biologist wants to know 
how many frogs there are in a pond at 
spawning time. He first catches a 
reasonable number of them (say 100 in 
this example). These are all marked 
in some way — perhaps with a dot of 
paint — and put back into the pond. 
After a short while it is possible to 
collect marked frogs from all parts 
of the pond and so it is safe to assume 
that the frogs move about freely and 
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are evenly distributed throughout the 
pond. 

A day or two later the biologist 
returns and captures maybe seventy 
frogs. Of these, perhaps twenty will 
be marked ones while the rest (fifty) 
are new and unmarked. Because the 
frogs have mixed freely the biologist 
assumes that the proportion of marked 
frogs in his sample is the same as that 
in the whole pond. He knows that the 
total number of marked frogs is one 


Each picture shows twelve marked (red) 
Srogs and about sixty unmarked (green) ones. 
In A the marked ones are freely distributed 
and any sample shows the 1:5 proportion. 
In B the marked frogs have not moved 
freely and in C, some of them have left 
the pond. Samples from B and C' do not 
give the correct proportion and will not 
give a good estimate of the population. The 
frogs stay in the water for some days at 
spawning time. Daily sampling may show 
roughly how long they stay. 


hundred because he marked them on 
his first visit. He can then calculate 
the total population. 

There are twenty marked frogs in 
his sample of seventy. This is a fifth of 
the total marked ones. Therefore the 
ecologist assumes that his total sample 
(seventy) is a fifth of the total popula- 
tion. His estimate of the population is 
therefore 350 (i.e. 5 x 70). 

This is only an approximate figure, 
for it is unlikely that the proportion 
of marked frogs in the sample is 
exactly the same as in the whole pond. 
It is, however, reasonably accurate, 
especially if a large sample is taken. 

This method of estimating popula- 
tions can be used only when the 
animals mix freely and when the area 
is well defined. It has been used, for 
example, to estimate the number of 
butterflies on small islands. If the 
animals were able to leave the area 
easily the result would be upset. 


METEOROLOGY 


LOUD is a visible mass of water 
droplets (or ice crystals) suspen- 
ded in the air. Invariably it is formed 
when air rises, expanding as it does so 
(the atmospheric pressure decreases 
with height). Expanding air cools, and 
cool air cannot hold as much water 
vapour as warm air. For example, air 
at 70°F (about 21°C) can hold four 
times as much water vapour as air at 
just below freezing point. The cooling 
air reaches a point when it is saturated 
with water vapour (known as the dew 
point). Below this temperature it is 
unable to hold all of its moisture in the 
form of vapour. 

The extra water vapour is deposited 
on small particles which are always 
present in the air. They are carried 
upwards with the rising flow of air. 
Many molecules of water vapour con- 
dense on a particle, forming a cloud 
droplet many times bigger than the 
individual molecules. Convenient par- 
ticles for condensation (condensation 
nuclet) include smoke smuts and salt 
from sea spray. 

Rising Air 

A variety of factors cause air to 
rise. A stream of air can be forced 
upwards by high ground lying in its 


Cumuliform clouds form when there are 
Strong convection currents. 
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Stratiform clouds have no definite shape. 
Convection currents are very weak. 


path. It can also happen when two 
masses of different kinds of air meet at 
fronts. At a warm front, warm air over- 
takes colder air in front. It rides up the 
ramp of colder air, and rises. At a cold 
Sront, colder air overtakes warmer air. 
Colder air burrows underneath 
warmer air, and lifts the warmer air 
upwards. Apart from being forced up, 
air can rise of its own accord when it is 
heated, in convection currents. Air in 
contact with the ground on a warm 
day is heated. It expands, becomes 
comparatively lighter, and rises. 

There are two distinct forms of 
cloud — cumuliform (heap) clouds and 
stratiform (layer) clouds. Their forma- 
tion depends on how quickly the air 
rises. 

Cumuliform clouds are associated 
with strong convection currents and 
quickly rising air. They usually have a 
fairly level base, but a fluffy and often 
dome-shaped upper part. This is 
where the convection currents are 
‘boiling over’. Cumuliform clouds vary 
a great deal in size and depth. Fair 
weather cumulus looks like tiny de- 
tached puffs of cotton-wool. Cumulus 
congestus is a heavy mass of cloud, 
which may develop into the thunder- 
cloud, cumulonimbus. 

Stratiform clouds form when the 
upward currents of air are very weak. 
The clouds lie at the top of a layer of 
cool air, which is covered by warmer 
air (a lemperature inversion). The cooler 
air is denser than the warmer air 
above it, so it cannot rise. Conse- 
quently the convection currents be- 
neath the temperature inversion are 
very weak indeed. Stratiform clouds 
have a notable lack of distinctive 
features. The usual form is a uniform 
blanket which may stretch unbroken 
across the sky. 

Stratiform clouds may turn into 
cumuliform clouds if the wind in- 
creases. Wind causes turbulence, 
mixing the layers of cloud and des- 
troying the temperature inversion. 
Increased convection currents may 
change the form of the clouds. 
Types and Stages 

Cloud is important in meteorology, 


mainly because condensation is just 
one step from rain. A knowledge of the 
form, size and height of the cloud gives 
some indication of the likelihood of 
rain. Dark Cumulonimbus clouds show 
that thunderstorms are likely. Wispy 
bands of high cirrus clouds, gradually 


Air is forced to rise when high ground 1s 
in its path. 


At a warm front, warm air ts forced to rise 
over colder air. 


Cold air burrows under warmer air, and 
forces the warm air upwards. 


Air circulates in convection currents. Clouds 
form in the rising air. 
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CLEAR 


SKY 
> ae NE ates eae ke eaten = + SYMBOLS 
Cloud Classification FOR CLOUD 
GENERA SYMBOL=GHARACTERISTICS SKY 15 ‘ 
- COVERED 
Cirrus Cr Delicate, white, detached clouds, E 


with a fibrous appearance. Found 
inthe high stage. 

Thin sheet or patch of cloudinthe — ,,. 
form of ripples or rounded small 2 coverep 

«masses, Which*may or may not be J 

“merged.-Found in the high=stage. 
Transparent film of fibrous, whitish 
“cloud: Found in the high stage. 


Cirrocumulus Cc. 


Cirrostratus Cs. 


Altocumulus....Ac. Greyish-white sheet or patch of pues ns 
= cloud, with shading, composed. of: eas 
roundéd heaps which may or may. 
not be merged. Found in middle or ~ CT 
high stages. 
Altostratus As. Greyish sheet of cloud, either SKY 15 | 


fibrous.or- uniform in appearance. g COVERED 
Found. in middle or nigh stage. 
Greyish-white sheet of cloud, with _ 
definite. shading, composed. » of 
rounded masses which may or may 
not be merged. ~ Found 
stage: 
Uniform, grey cloud layér-Found 
in-tow stage. 
Grey. often dark, layer-of cloud, 
sometimes blurred byefalling rain 
or snow. Found in lowsor.middle 
stages. Ka 
Detached cloud heaps, often with ; 
considerable verticaldevelopment, Ae. 
; : brilliant white when. lit by sun, 8 
te with fairly horizontal .base, but 
c ; bulging upper parts. Found in low 
; or middle stages. 
Dense cloud of great. vertical 
development, with upper portion 
usually flattened out in the shape 
of an anvil. The base may be very 
} dark. May extend™ through all 
- stages. ; 


Stratocumulus. Sc. 


ood 


SKY IS 


in low 2 COVERED 


Stratus St. 


SKY IS 


4 COVERED 


Nimbostratus:* “Ns. 


coos 


Cumulus Cu. 


SKY IS 


Cumulonimbus Cb. 8 covereD\Y 
8 


THE SKY 
'S OBSCURED 


SEARCHLIGHT 
SENDING PULSED 
BEAM OF LIGHT 


LIGHT 
RECEIVER 


CLOUD HEIGHT 
1S TRACED HERE 


RECORDING 
UNIT 


This instrument records the 
height of the cloud. Light is 
scattered by the cloud droplets, 
and the scattered beam picked 
up and recorded. 
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changing into lower and denser forms, 
may indicate that a warm front is on 
the way. With a warm front comes an 
increasing likelihood of rain. Informa- 
tion about clouds is also useful to air- 
cralt flying through the cloud. 

‘There are ten main cloud forms, or 
genera, ranging down from high cirrus, 
delicate white clouds consisting of ice- 
crystals frozen right at the top of the 
convection currents, to the low grey 
stratus and nimbostratus. Many clouds 
contain ice-crystals in their upper 
levels. The ten genera in order of de- 
creasing height are cirrus, cirrostratus , 
cirrocumulus, altocumulus,  altostratus, 
stratocumulus, stratus, nimbostratus, cumu- 
lus and cumulonimbus. 

The thickness of the troposphere 
(the lowest layer of the Earth’s atmos- 
phere) varies with latitude — it is 
thicker over the Equator than over the 
Poles. Consequently the actual height 
of the cloud is not as useful as the stage 
(or the French word étage is sometimes 
used) of the troposphere. It is divided 
roughly into three stages, high, low, 
and middle. 

The low stage is about 14 miles thick 
over the whole of the Earth’s surface. 
Stratus and stratocumulus clouds form 
there. The middle stage goes up to 


about 24 miles above Polar regions, 
and to 5 miles over the Equator. Here 
altocumulus, and sometimes altostra- 
tus are found. The upper boundary of 
the high stage marks the end of the 
troposphere, the tropopause. It is at a 
height of 5 miles above the Poles and 
10 miles above the Equator and is the 
place where cirrus, cirrocumulus and 
cirrostratus are found. Nimbostratus, 
cumulus and cumulonimbus may ex- 
tend through two or three stages. 

When cloud forms and heights are 
observed at meteorological stations. in- 
formation about each of the three 
stages is sent out separately in code 
form. Five figures form one of the 
cloud codes. The first figure is an esti- 
mate of the total proportion of sky 
covered by cloud, expressed in eighths. 
The second figure describes the low 
stage. The third figure, the height of 
the lowest cloud. Fourth and _ fifth 
figures describe the middle and upper 
stages, respectively. 


changing its form only slowly, and all 
appearing at the same level (code 3). 
Above it (code 2) is dense cirrus, in 
patches or entangled sheaves, in the 
form of towers or battlements, or 
having the appearance of cotton-wool- 
like cumuliform tufts. Other 5-figure 
codes convey additional information 
about the cloud cover at different alti- 
tudes. 
Observing Clouds 

The observer at the weather station 
looks at the sky, and can estimate the 
amount and type of the cloud without 


using any instruments. To measure the 
cloud direction and speed, he uses a 
nephoscope. A simple form of this instru- 
ment is the mirror nephoscope. The 
observer traces the path of the reflec- 
tion of a certain cloud from the centre 
of the mirror until it disappears off the 
edge. The direction of the cloud move- 
ment is immediately apparent, while 
its speed can be calculated from the 
time taken to disappear, provided the 
height of the cloud is known. The 
height affects the speed at which the 
cloud’s reflection travels. 

Clouds made of large water drops or 
ice-crystals can be tracked by radar. A 
radar beam (a beam of radio waves) is 
directed at the cloud. The movement 
of the cloud can be followed if the 
cloud reflects some of the radar beam 
back to the transmitting station. Small 
cloud droplets reflect hardly any radio 
waves at all, but large droplets and ice- 
crystals — found especially in thunder- 
clouds — do reflect radio waves. 

The height of the base of the cloud is 
of considerable importance to aircraft. 
Cloud base recorders, or ceilometers are 
used at nearly every airport to measure 
the cloud height. A projector sends a 
special beam of light, scanning the sky 
in a vertical direction. Another part of 
the system detects the beam of light 
scattered by the cloud. The height of 
the cloud ‘ceiling’ can then be worked 
out mathematically. 


- 
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The mirror ‘nephoscope 1s 
used to measure the speed 
and direction of cloud move- 
ment. The observer notes 
the time taken for the 
cloud’s image to travel from 
the centre to the edge of the 
mirror. 


Code 58632 says that 5/8 of the sky is 
covered by cloud. In the low stages are 
cumulus and_ stratocumulus, their 
bases at different levels (code 8). Code 
6 implies that the cloud starts at a 
height of 3,000—5,000 ft. In the middle 
stage is semi-transparent altocumulus, 
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DISTRIBUTION COEFFICIENT 
AND THE WASHING 


ICH is the most economical way 
to rinse clothes? Are the best 
results obtained by filling a large bowl 
with water and rinsing just once, or is 
it better to rinse the clothes over and 
over again with several smaller lots of 
water? The alternative is to let the 
water flow continuously over the 
clothes shower-bath fashion. 
It iscommon knowledge that rinsing 


just once with a large volume of water 
gives poor results and simply wastes 
the water. It is far better to rinse 
several times with smaller volumes. 
Then, the last lot of rinsing water 
should be quite clean, unlike the 
cloudy water from rinsing just once 
with the larger volume. Rinsing with a 
continuous flow also gives good results. 

There is a good scientific reason 


Experiment to find the distribution coefficient of iodine between carbon tetrachloride and 
water. 20cc of iodine solution in carbon tetrachloride are shaken with 200 to 300cc of 
water for over half an hour to give the iodine every chance of distributing itself between 
the carbon tetrachloride and the water. The bottle is left to stand so that the globules 
of carbon tetrachloride and water separate out into two separate lavers. Using a pipette 


SOLUTION OF 
IODINE IN CARBON 
TETRACHLORIDE 
IS SHAKEN WITH 
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samples are drawn off from each layer. The 
lodine concentration in each is found by 
titration with a solution of hypo (sodium 


thiosulphate). The distribution coefficient 


is the ratio of the concentration in each 
layer. 


SAMPLES ARE 
PIPETTED OFF 
FROM BOTH 

LAYERS 


for this. The rinsing process is follow- 


ing the distribution law. With each 
washing, the dirt distributes itself so 
that the ratio of its concentrations on 
the clothes and in the rinsing water is a 
more or less constant value. The law 
holds good for any situations where the 
proportion of the substance being ex- 
tracted is low. In other words, the 
solutions produced are dilute. The law 


HYPO IS ALLOWED 
TO DRIP INTO THE 
IODINE SOLUTION 
UNTIL IT IS THE 
PALEST YELLOW. 
THEN, 2CC OF 
STARCH SOLUTION 
ARE ADDED. THE 
STARCH PRODUCES 
A DEEP BLUE 
COMPOUND WITH 
THE IODINE. 

MORE HYPO IS 
DRIPPED IN. WHEN 
IT HAS REACTED 
WITH ALL THE 
IODINE THE BLUE 
COLOUR DISAPPEARS 


IODINE 


HYPO, 
SODIUM 
THIOSULPHATE 


WHEN THIS 
DROP IS ADDED, 
THE BLUE 
COLOUR 
GOES 


100cc OF 
SOLUTION IN A 


When A is washed with 100cc of B, 


x grams of green substance are left behind 


and 3—x grams go into the extraction 
solvent. 
concn in A 


distribution coefficient = 
2 off concn in B 


) .. eee Sey 
2 S00 =. poe 
1 Fe x 100 
TOO. 3% 
3—x = 2x 
x = T'pm:; 


n substance goes into each 
be calculated in this 


? 


BEST RESUL 
MOST OF THE 

GREEN SUBSTANCE 
HAS BEEN WASHED 


Washing the complete 100cc of B all at one time removes only 2 grams of green substance. 
Washing with two lots of 50cc removes more. 2% grams are removed. When the washing is 
done with four lots of 25cc 234 grams are removed. So the best results are obtained by washing 
with many small quantities of solvent. 


is particularly useful for finding the 
best way of extracting a compound 
from an unwanted solvent or for 
ridding a liquid of an unwanted im- 
purity. 

How is a substance extracted? 
Iodine will dissolve in the oily liquid 


carbon tetrachloride. To extract the 
iodine from the carbon tetrachloride, 
this liquid must be shaken with 
another which will dissolve iodine, 
but which will not mix with the carbon 
tetrachloride. Water fulfils all these 
requirements, so it can be used. 


The carbon tetrachloride solution is 
thoroughly shaken with water and 
then allowed to stand for a while so 
that the water forms in a separate 
layer. The water layer has taken on 
an orange colour because some iodine 
has dissolved in it. The tetrachloride 
has become paler because it has lost 
some of its iodine. 

At this particular temperature when 
equilibrium has been attained (i.e. all 
the iodine that intends going into 
the water has gone into it), the ratio 
of the two concentrations of iodine is a 
constant value. If at a particular tem- 
perature the concentration of iodine in 
water is always three times its concen- 
tration in carbon tetrachloride, then 
no matter how much water is shaken 
with carbon tetrachloride, the iodine 
will always adjust itself so that the con- 
centration in the watery layer is three 
times as high as the concentration in 
the tetrachloride layer. 

This is the distribution law for 
iodine. At a particular temperature 
it distributes itself in a certain con- 
centration ratio. The ratio is known 
as the distribution ratio. 

This law applies to any set of sub- 
stances in similar circumstances, only 
the exact value of the distribution 
ratio varies from substance and from 
solvent to solvent. There is no way 
of calculating this ratio. It can be 
found only by experiment. 


For a particular set of substances the 
compound or element being extracted 
always sorts itself out so that the ratio 
of concentrations in each layer is a 
constant value. 


concentration in layer A 
concentration in layer B 


is a constant value. 

The constant value is known as the 
distribution coefficient for this par- 
ticular set of substances. 

The distribution law is also known as 
the partition law and the distribution 
coefficient can be called the partition 
coefficient. 
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| FAMOUS SCIENTISTS 


WILHELM SGHEELE 


JN the 44 years of Wilhelm Scheele’s 

(pronounced Shay-ler) lifetime he 
helped to lay the foundations of inor- 
ganic chemistry, gas preparation, 
organic chemistry, photography and 
heat physics. Many of his discoveries 
proved later to be very important al- 
though Scheele himself could not be 
aware of the way in which they were 
to develop. When he discovered that 
the purple end of the spectrum would 
blacken certain silver salts, he could 
not possibly know that from this a 
photographic industry would arise. ‘To 
him, his discoveries were just exciting 
and fascinating. 

Wilhelm Scheele was born in 
Sweden in 1742. He was a contem- 
porary of Priestley and Cavendish. 
News of scientific experiments was 
freely circulated between these three 
men and very often there is some doubt 
about which of the three was the real 
discoverer of some fact. For example, 
in the Priestley laboratory oxygen was 
being prepared and collected only a 


When a spectrum was dire 
ted onto a piece of paper 
sensitized with silver salts, 
Scheele noticed that only the 


violet light had any_effect: 
ce 
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PAPER IMPR h 


Scheele collected his gases by squeezing the air out of a pig’s bladder and fixing it over the 
open end of a retort in which the gases were being made. 


short time after it had been prepared 
by Scheele. 

Scheele was the 7th child of a mer- 
chant. He had no formal scientific 
training and never sat a_ science 
examination in his life. This was 
probably more of an advantage than a 
disadvantage, for scientific thinking at 
the time was bogged down by too 
many fake ideas. These did not bother 
Scheele; he did not know half of them 
existed. 

At the age of 15 he was apprenticed 
to an apothecary where he began 
studying on his own and experiment- 
ing in the shop. In the latter part of his 
life he kept his own apothecary’s shop, 
rejecting offers of salaried posts which 
would have hampered him. He prefer- 
red to work on his own and not at the 
beck and call of someone else. 

Scheele was the first man to prepare 
the gases, oxygen and chlorine. Oxy- 
gen, he prepared by several different 
methods, starting from saltpetre, mer- 
curic oxide, manganese dioxide and 


VIOLET END 
OF THE SPECTRUM 
BLACKENS THE 
PAPER 


other substances. His chlorine was 
made by the action of hydrochloric 
acid on manganese dioxide. He collec- 
ted his gases by squashing the air out 
of a pig’s bladder and fixing it over the 
open end ofa retort in which the gases 
were being made. The bladder swelled 
out as it filled with gas. Scheele recog- 
nized that one gas he had prepared 
was the part of the air responsible for 
burning. Air was in fact a fifth oxygen, 
as Scheele discovered when he burned 
some phosphorus to ‘use up’ the oxy- 
gen in an air sample. 

The test now used in inorganic 
chemistry to discover the presence of a 
sulphate was yet another of Scheele’s 
discoveries. So was the preparation of 
tungstic acid. The tungsten metal now 
used for the filaments of electric light 
bulbs is extracted from its ore by con- 
verting the tungsten in the ore into 
tungstic acid. 

Organic chemistry also interested 
him and many organic acids were the 
subjects of his study. Heat physics, 
too, was his interest. Transfer of heat 
by convection and conduction was 
known at the time but Scheele was the 
first man to observe heat transfer by 
radiation. 

These are just a few of the many 
scientific discoveries made by him. 


BIOLOGY 


TESTING PLANT 


FOOD RESERVES 


LANTS store food so that they can 
survive harsh wintry conditions 
and begin to grow again when the 
weather gets warmer. Roots and swol- 
len underground stems are the main 
storage organs in plants that die down 
for the winter. Seeds, too, contain food 
reserves that supply the young plant 
until it can manufacture its own food 
(i.e. until it opens its leaves and begins 
photosynthesis). 

All three main classes of food 
material (carbohydrates, fats and pro- 
teins) are found in plants. Carbohy- 
drates— compounds containing car- 
bon, hydrogen and oxygen — are the 
most frequent reserve materials, the 
commonest of them being starch. This 
material is insoluble and occurs in 


the cells as tiny grains. Each grain 
is made up of many layers. The potato 
and the seeds of cereals are among the 
many starch-storing bodies. When io- 
dine is added to starch, a deep blue 
colour appears and this is a simple test 
for the presence of starch. A drop of 

iodine, dissolved in potassium iodide 
find put on a slice of potato, quickly 

stains the starch grains blue. 

Inulin is another common reserve 


rystals of inulin appear when cells are 
ashed in alcohol. 


INULIN 


IODINE-STAINED 
STARCH GRAINS 
IN CELL 


and is closely related to starch. It is, 
however, soluble in the cell sap and 
does not react with iodine. Addition 
of alcohol to a thin section of a dan- 
delion root or a dahlia tuber will 
deposit inulin crystals which can be 
seen under the microscope. 

Sugars are found as reserve mater- 
ials in some plants. Glucose (CgH 20g) 


SOLUTION 


duce Fehling’s solu- 
tion to produce 


brown cuprous ox- 
ide. Sucrose from 
beet does not do 
this. 


FEHLING’S 
— SOLUTION 
UNCHANGED 


is dissolved in the cell sap of onion 
bulb scales and is therefore invisible. 
It can, however, be detected with 
Fehling’s solution which contains cup- 
ric oxide in an alkaline solution. 
Glucose reduces the solution by re- 
moving some oxygen. A_ reddish- 
brown deposit of cuprous oxide indi- 
cates the presence of glucose or one of 
the closely related reducing sugars. 
The reserve of the beetroot is 
sucrose (Cy2H»2O 1), also known as 
cane sugar, because it occurs in the 
stem of sugar cane. The sugar beet 
is a variety of beet especially rich 
in sugar. Sucrose will not, however, 
reduce Fehling’s solution for it has 
no affinity for oxygen. Sucrose can 
be split into glucose and _ fructose 
molecules by heating with an acidic 


ddition of iodine to starch produces a blue 


colour. The starch grains are made up of 
concentric layers as shown by the micro- 
scope. (inset). 


solution. Glucose and fructose can be 
detected with Fehling’s test. 

Cellulose is the major constituent 
of plant tissues but sometimes forms 
a food reserve as well. The cell walls 
of the date seed are thickened with 
cellulose which acts as a_ reserve. 
Cellulose is stained violet with 
Schultze’s solution which contains 
iodine and zinc chloride. 

Carbohydrates are the main food 
reserves of plants but fats and pro- 
teins also occur — especially in seeds. 
Castor-oil beans and ground-nuts are 
good examples of fat-storing seeds. 
A simple test for fats is to rub the 
material on a piece of paper. A greasy 
mark is produced that lets light 
through. The oil globules also stain 
orange with a dye called Sudan III. 
Proteins appear as grains in numerous 
seeds and are stained brown by iodine. 
Millon’s Reagent, a mixture of mer- 
curic nitrate and nitrite, stains pro- 
teins a brick-red colour. 

Many of the food reserves are in 
a solid and unusable form. When they 
are required, enzyme action converts 
them into glucose and other soluble, 
usable compounds. They are then 
carried around in the plant to where 
they are needed. 


RAZIL NUT 


GRE. 
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ORGANIC CHEMISTRY 


ENZYMES, THE ORGANIC 


ANY chemical reactions, in par- 
ticular a large number which 
occur within all living organisms, 
would be very slow if it were not for the 
action of catalysts. Although the cata- 
lysts do not themselves undergo any 
permanent chemical change, their 
presence, even in very small quantities, 
can change the rate of a chemical 
reaction to a remarkable extent. 

Catalysts are very important in the 
manufacture of certain essential inor- 
ganic compounds which serve as the 
starting point for many other proces- 
ses. Platinum is used as a catalyst in the 
synthesis of sulphur trioxide (in the 
Contact Process for making sulphuric 
acid) and in the synthesis of am- 
monia. Other metals and simple inor- 
ganic compounds too are used as 
catalysts for speeding up many reac- 
tions. 

Enzymes are complex organic sub- 
stances which alter the rates of many 
reactions that occur in living organ- 
isms i.e. they too are catalysts. For 
instance, enzymes play an essential 
part in the various digestive processes 
which break down foodstuffs into 
simpler substances. Ptyalin, an enzyme 
in saliva, assists in the hydrolysis of 
starch to give sugar. 

There are, however, certain major 
differences between enzymes and the 
inorganic catalysts. In the first place, 
enzymes are complex substances which 
are produced by living organisms, 
whereas most of the catalysts used in 
inorganic chemistry are either ele- 


ments or simple compounds. In fact, 
enzymes are so complex that the 
structures of many of them are not yet 
known in detail. However, all those 
that have been separated and purified 
contain the groups characteristic of 
proteins. 

Another important difference con- 
cerns the reactions which the enzymes 
catalyze. Some of the inorganic cata- 
lysts can be used to speed up many 
different reactions. In contrast, many 
enzymes are known only to be useful 
in carrying out one reaction. Others 
will speed up three or four reactions of 
the same type, i.e., reactions occurring 


at the same linkage in several different 
related compounds. 

Some of the simpler chemical reac- 
tions which are regularly carried out 
in living organisms in the presence of 
enzymes have been repeated in labora- 
tory conditions using more conven- 


Stages in the production of ethyl alcohol from starch. 


STARCH 
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ENZYME- 
DIASTASE 


PTYALIN 


Many enzymes assist in the break down of 
food as it passes through the food canal. 
This diagram shows where some of the more 
important enzymes act. 


tional catalysts. For instance, hydro- 
chloric acid may be used to hydrolyze 
(break down by reacting with water) 
lactose (milk sugar) in place of the 
enzyme, lactase. However it has been 
found that the reaction goes much 
faster using lactase than it does with 
hydrochloric acid. In fact, at 35°C, it 
takes only an hour to hydrolyse with 


ENZYME- 
MALTASE 


MALTOSE 


CATALYSTS 


lactase one quarter of the milk sugar 
in a 5% solution. In contrast, it takes 
5 weeks to get the same effect using 
bench strength dilute hydrochloric 
acid. 

Enzymes are usually named and 
classified in terms of the reaction they 
catalyse. The suffix -ase is normally 
added to the name of the substance 
undergoing chemical change. Thus 
lactase is the catalyst which hydrolyses 
lactose. However, some enzymes were 
named before enzymes were recog- 
nized as a special group of compounds 
and some of these names are still used 
(e.g. ptyalin in saliva). 

Temperature changes have a much 
greater effect on reactions using enzy- 
mes than on those speeded up by 
inorganic catalysts. In general the 
most satisfactory temperature for re- 
actions using enzymes lies in the range 
go°C to 40°C. When a reaction is 
carried out at a higher temperature, 
the rate of reaction is increased con- 
siderably for a short time, but it is 
then stopped quite suddenly — the 
catalytic properties of the enzyme and 
probably the enzyme itself have been 
destroyed by the heat. 

Another factor which affects the 
catalytic power of enzymes is the 
acidity (pH) of the reactants. Many 
enzymes are most effective in approxi- 
mately neutral solution (i.e. in the 
range pH 6 to pH 8). There are, how- 
ever, a number of them which work 
well outside this range. The enzyme 
pepsin which is present in the stomachs 
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of animals is most effective in strongly 
acid solution (about pH2). The acidity 
is maintained by hydrochloric acid 
which is secreted with the pepsin in 
the stomach. 

Pepsin helps in breaking down pro- 
teins. Other digestive enzymes work- 
ing further down the food canal break 
down fats, carbohydrates and pro- 
teins. These work in neutral or alka- 


CARBON DIOXIDE 


line solutions. Acids are neutralized by 
the bile. 
Fer nentation of Sugar 

Some enzymes aid only single 
chemical changes so several different 
enzymes are required to carry out a 
sequence of reactions. This happens 
when whisky is made from grain. 

The first step is to break down the 
complex starch molecules in the grain 
to yield the sugar. maltose. This is 
done at about 60°C with the aid of the 
enzyme diastase present in malt. 

The solution of maltose is then cooled 
to about 15°C and yeast is added. Yeast 
contains several enzymes, two of which 
are used, in turn, to produce ethyl alco- 
hol. First maltose is hydrolyzed to 
yield the simpler sugar, glucose (two 
molecules from each molecule of mal- 
tose). The reaction is achieved with 
the aid of the enzyme maitase. Finally, 
the glucose breaks down into ethyl 
alcohol and carbon dioxide. The en- 
zyme zymase is responsible for speeding 
up this last reaction. 
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AMMONITE SHELLS SHOWED 
A VARIETY OF SHAPE AND ORNAMENTATION 


AMMONITES AND THEIR RELATIVES 


MMON was an ancient, ram- 

headed Egyptian God. Because of 

a strong resemblance to his rams’ 

horns, certain coiled up shells re- 

covered as fossils from rocks of the past, 
were called ammonites. 

Ammonites were cephalopods —a 
group of sea-dwelling molluscs which 
includes present-day squids and cuttle- 
fish. Whereas these modern forms have 
internal shells, ammonites had their 
shells outside their bodies —just as 
snails do. 

The last species of ammonite became 
extinct 60 million years ago. Only 
their hard, fossilized shells are known 
to us. Fortunately, however, a very 
close relative, with a similar outside 
shell, is still living — the pearly-shelled 
Nautilus. The very ancient group to 
‘which Nautilus belongs (the Nautzloids) 
is believed to have originally given 
rise to the ammonites. Study of this 


In ammonite and nautiloid shells, a strand 
of tissue — the siphon — stretched back to 
the first chamber. It secreted air for 
buoyancy. 


EXTERNAL " 
ORNAMENTE 
SHELL — 


LIVING 
CHAMBER 
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LEADING TO 

MANTLE CAVITY 


sole survivor gives some idea of the 
character and mode of life of both 
extinct ammonites and nautiloids. 
The external shells, unlike snail- 
shells, are divided up into a number 
of chambers separated by partitions 
(septa). Where the partitions come in 
contact with the outside shell-wall, 


NAUTILOID 


AMMONITE 


Nautiloids have simple sutures. In ammoni- 
tes the sutures are more complicated. 


lines of contact or sutures are developed. 
Sutures have been well preserved in 
fossil shells. 

Each chamber represented a stage 
in the growth of the animal. As the 
size of the animal increased, it moved 
forward, secreting a new section of 
shell. The older chambers were perio- 
dically sealed off. Subsequently, they 
became filled with air and acted as 
buoyancy tanks, helping to keep the 
animal afloat. The last chamber of all 
opened to the outside and here the 
adult creature lived. 

The head and body of the ammoni- 
tes and ancient nautiloids probably 
resembled the head of the surviving 
Nautilus. A large number of tentacles 
surround a central mouth which is 
equipped with a tough ‘beak’. The 
very front of the head is made into a 
thick layer, which covers the opening 
of the shell when the creature with- 
draws. Underneath the head is the 
large mantle cavity containing two 
sets of gills. When water is squirted 
out from the cavity through a narrow 


funnel the movement thrusts the ani- 
mal forward in the opposite direction. 
This is how all cephalopods swim. 

Nautiloids first appeared in Upper 
Cambrian times about 500 million 
years ago. The first shells were not 
coiled ; they were straight tubes. Some 
of the largest tubes were as much as 15 
feet long and 2 feet wide. From the 
straight shell, a variety of curved, 
loosely and tightly coiled shells evol- 
ved. But by the Triassic Period most of 
the Nautiloids had declined and only a 
few coiled forms were left. Nautilus, the 
only survivor, first appeared in Juras- 
sic times, 150 million years ago. 

The first ammonites are thought to 
have evolved from the Nautiloids 
during the Ordovician Period but they 
did not increase in number until 
Devonian times. They appeared very 
similar to their Nautiloid ancestors, 
but the sutures were complicated and 
not simple contacts. 

Ammonites were at their peak 
during the Mezozoic era, and their 
shells show every sort of shape and or- 
namentation. The largest coiled shells 
were more than 8 feet in diameter. 
Their very rapid evolution and wide 
occurrence makes them as good as the 
graptolites for dating the rocks. Why 
this seemingly successful group should 
suddenly die out is one of geology’s big 
mysteries. 


Showing the abundance of the three cephalo- 
pod groups through geological time and their 
probable relationship to one another. 


AGRICULTURAL SCIENCE 


GRAFTING and BUDDING 


you enjoy the flavour of a par- 

ticular variety of apple, you may 
plant the pips in order to grow the 
variety yourself. It will, however, be 
some years before the tree bears any 
fruit and even then you will be unlikely 
to get apples tasting quite like the 
original one. This is because, in the 
process of seed formation, the charac- 
- teristics of the parents are mixed up. 
Nature intended offspring to differ 
slightly from their parents, not to be 
all alike. 

Obviously, professional growers 
cannot rely upon this sort of propaga- 
tion. They must be able to increase 
their stocks rapidly and they must be 
able to reproduce a given variety 
exactly. They rely on vegetative methods 
of propagation which with trees and 
shrubs usually means grafting or bud- 
ding. 

These techniques involve joining a 
shoot or bud (scion) of the desired 
variety onto the stem of another (the 
stock). The tissues must unite com- 
pletely into a complete plant of which 


Standard roses are 
budded onto briars 
at the height re- 
quired for the head 


of flowers. 


BUDDED 
HERE 


REMOVING 
THE BUD 


the stock provides the root system 
whereas the scion produces the 
branches, flowers and fruit. The vital 


thing is that the cambium of each plant. 


is in contact. This is the ring of living 
cells just under the bark and only 
these cells can grow and produce the 
new cells that knit the scion and stock 
together. This happens quickly: water 
and nutrients from the stock pass into 
the scion and it grows quite happily. 

Although the grafted plant grows 
as a complete individual, the original 
stock and scion retain their individual 


Whip-and-tongue grafting suitable for 
apple trees. Raffia and grafting wax seal 
the join. 


STOCK 


characteristics. Shoots (suckers) from 
the stock are of no use and should be 
removed at once. The stock chosen 
must be healthy and vigorous and 
must, in general, be closely related to 
the scion. It must also be cheap and 
readily available. Roses are frequently 


Saddle-grafting — in 
which a scion ts 
notched to fit on a 
pointed stock and then 
bound up until the 
graft has taken. 


_budded onto wild briars and cherry 


varieties onto stocks of wild cherry. 
Several types of apple stock are avail- 
able for grafting. Some New Zealand 
varieties are resistant to Woolly Aphid 
and to some virus diseases and they 
actually pass on the resistance to the 
scion. 

Grafting is usually done in early 
spring when the stocks are about 
eighteen months old. This is for 
producing large quantities of young 
trees for sale. Grafting can also be 
done with older trees to improve the 
fruiting or flowering. Budding is. 
carried out in summer when the buds 
have developed properly and growth 
is vigorous. 


Bush roses are budded on to briar stocks close to the root, and the upper part of the stock 
is removed later, so that all the shoots come from the new bud. 


FP \NserTiNG 
THE BUD 


JOIN BOUND 
WITH RAFFIA 
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BIOLOGY 


HERE is little superficial likeness 
between soft, downy _ bird’s 
feathers and the tough scales that 
plate the bodies of many reptiles. 
Yet it is from just such hard scales 
that feathers probably evolved. 
Birds have descended from reptiles. 
They emerged as a distinct group 
more than 140 million years ago. 
Their feathers provided an excellent 
insulating layer against the outside 
climate and enabled the group to 
become warm-blooded or homoiother- 
mic. (Reptiles are cold-blooded and 
because their body temperatures are 
dependant upon the surrounding cli- 
mate, the regions they can inhabit are 
more limited.) 
The use of feathers as a means of 
flight came later, probably after the 
early reptile-like birds had passed 


The Mandarin duck shows sexual dichromatism — the plumage of the male and female 
differs in colour. Bright feathers are displayed at times of mating. 


birds of temperate climates it is 
usually seasonal—once during the 
spring and then again in the autumn. 
Types of Feather 

Feathers are made of keratin, a horny 
substance produced by the upper 
layers of the skin. There are four types 
of feather, simple down feathers and 
pin-feathers (filoplumes), more com- 
plex contour feathers, and specialized 
powder-down feathers. 

Contour feathers are large and 
sheathe the body of the bird, as well 
as covering the tail and wings. The 
actual quill of the feather is the section 
of the stem which remains embedded 
in the skin. It is usually hollow with 


Contour feathers are light with a large 
surface area made of interlocking barbs. 
Some contour feathers, used for insulation, 


The barbs are so closely packed 
together that they appear to form a 
continuous surface. In actual fact they 
are separate units, though each one is 
attached to its neighbours by a series 


Colour and Feathers 


Some feathers are coloured by 
pigments contained inside them. 
Melanins are particularly important, 
giving blacks and all shades of brown. 
Carotenoids give reds, yellows and 
oranges. When no pigment is present 
all the light is reflected and the feathers 
appear white. 

Other feathers have a glossy, dark- 
coloured sheen (iridescence) caused by 
a special surface layer of keratin. 

Colour may be important in blending 
the bird with its background. Mottling 
is especially useful as it breaks up the 
distinctive outline of the bird when it 
is at rest. Light-coloured plumage 
reflects the sun’s rays and in deserts 
is probably a protection against ex- 
cessive heat. 


NCONNECTED Same 
(RBS 


develop without the barbs connected; they 
are fluffy and are called semiplumes. 


Distinct colouring probably helps 
birds to recognize other members of 
their own species. Birds that live in 
flocks, such as starlings and rooks, are 


SURFACE 
MADE OF 
INTERLO: 
BARBS 


SEMIPLU ME 


VILL 


through an intermediate stage of 
gliding. The first known fossil bird, 
Archaeopteryx, had feathers fitted to 
its tail and fore-limbs and most likely 
used them for gliding through the 
branches of ancient trees. 

Today, the colour of a_ bird’s 
feathers is important for protective 
camouflage, and also for courtship 
displays at times of mating. The 
moulting of old feathers accompanied 
by replacement with new ones may 
take place throughout the year but in 
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two small openings, one at its base 
and one where the quill perforates the 
skin surface. 

The rest of the contour feather 
above the skin’s surface is called the 


vane ; it consists of a central, solid shaft. 


extending from the quill and a very 
large number of small branches (barbs) 
coming off from either side, 


always very conspicuously coloured. 
Brightly coloured plumage of birds 
such as male peacocks and pheasants 
are used for courtship displays. 


Magnified view of barbules. Hooked bar- 
bules on the top surface of each barb 
interlock with notched barbules suspended 
from the bottom surface. 


SHAFT 


of hooked and notched barbules. 
Down feathers are much smaller 
and simpler. The quill is very small 
and at the surface, instead of con- 
tinuing as a main stem, it divides to 
form a spray of slender branches. 
The fluffy coats of young chicks are 
made up entirely of down feathers. 
Pin-feathers are even simpler. They 
consist of just the quill and a short 
stem which divides at the top into a 
bunch of small barbs. Powder-down 
feathers are possessed by only some 
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birds, e.g. Bitterns, Herons, some 
Hawks. They break down into a 
powder useful for removing slime and 
dirt from the rest of the plumage. 
Feather and Function 

Contour feathers, fitted to the wings 
and tails of birds, provide a large 
surface area to push against the air 
during flight. The sheath of smaller 
contour feathers formed over the 
whole body gives the bird a stream- 
lined shape essential for movement 
through the air. The smooth, flat 
surfaces of the contour feathers are 


formed by the tightly linked barbs. 
If the barbs become disarranged by 
unhooking of the barbules, the birds’ 
preening action soon repairs them. 
For birds which do not fly, it is not 
important to have smooth, stream- 
lined feathers. Ostriches for instance 
have plume-like contour feathers, 
known from their use as decorations. 

Down feathers are concerned with 


insulation of the body from the cold. 
They help trap a layer of air against 
the skin. In adult birds they are not 
usually conspicuous as they are 
covered by the contour feathers. 

Feathers can be moved by the action 
of muscles just as the hairs that cover 
mammals can be moved. Ruffling of 
feathers, for instance, can take place 
during cold weather (the additional 
trapped air gives extra warmth) and 
the position of contour feathers on the 
wings and on the tail can be controlled 
in flight. 

Again like hairs, feathers are sup- 
plied with nerve fibres and can be 
used as organs of touch. Birds that 
fly at night have very sensitive hair- 
like feathers on their faces rather like 


Owls have whisker-like feathers very seiisi- 
tive to touch. 

The flight feathers have delicate filaments 
at their edges to ensure silent flight. 


DOWN FEATHERS 


Dowin feathers tisulate young chicks. In 
adult birds they are partially replaced by 


contour feathers. 


Ti cold weather, feathers can be ruffled to 
trap a thicker layer of air. 


the ‘whiskers’ of cats. 

Swimming birds protect their 
feathers from the water by a coating 
of oil. The oil comes from a special 
oil gland at the base of the tail and 
is spread over the feathers by preening 
with the beak. A few birds use their 
feathers for making noises during 
flight. The Snipe’s ‘bleat’ as it circles 
over its marshland home is caused 
by the air vibrating special tail 
feathers. The sound is probably used 
as a warning noise. The Woodcock 
which flies at night ‘whistles’ as air 
passes through peculiarly constructed 
contour feathers on the wing. It is 
probable that this sound acts as a 
position marker for others. 


The woodpecker uses its strong tail feathers 
to brave itself against tree trunks. 


WOODPECKER 
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O be profitable, modern industry 

needs high speed production. 

Slow methods of manufacture can 
only lose money. 

One way round this is to instal lots 
and lots of machines or reaction vats 
to increase the output. More machines 
—higher output. This works but it is 
not the best way of dealing with the 
problem. The machinery must be 
paid for and more staff are needed to 
look after it. 

It is a much better idea to try to 


Each of the chemical elements in 
an alloy, vaporized and raised to 
incandescence by an_ electric 
spark, gives out light distinguish- 
ing it from the others. This is 
because it emits light restricted 
to wave-lengths that are as 
characteristic as fingerprints. 
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shorten the production time with 
faster machinery. Not long ago this 
was the problem facing the steel 
industry. Using an open hearth fur- 
nace, it took over a day to make a 
batch of steel from a load of pig iron. 
The pig iron, with its high carbon 
impurity, was heated and wafted with 
hot air to gradually burn up the car- 
bon. Then, when just the right amount 
of carbon was left, the furnace was 
emptied. The progress of the steel was 
followed by analyzing samples from 
time to time. The time of analysis 
could keep pace with the process time. 
When the composition seemed correct, 
the furnace was emptied. The method 
of analysis was slow. It involved 
precipitation of metallic ions and 
weighing of precipitates. Slow analysi 
to find the state of a slow reactions 
fine. 

But the open hearth gciltely lost 
ground to faster methods of getting 
‘the same resultg$me steel can now 


be ee an hour by stirring 
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the molten pig iron with hot oxygen: 
The old form of analysis is of little use 
here. By the time the results of it have 
been worked out, the composition 
will have completely changed. If the 
composition cannot be followed, the 


The sample of steel is sparked in 
a small chamber flushed with 
argon, a cheap and efficient way 
of keeping the oxygen out. 


furnace will be tapped at the wrong 
time and the whole batch of steel will 
be ruined. 

Spectroscopy is now used in steel 
analysis because it will give accurate 
results in about three minutes. In 
fact, direct reading spectrographs are 
becoming increasingly popular in 
many branches of industry and re- 
search for giving quick and accurate 
analytical results. If a spot check is 
being made for a certain metal, say 
copper, the instrument can be cali- 
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brated so that the copper content 
shows up on a dial. 

Spectroscopy — spectrum. ‘The name 
gives the clue to the process. A 
spectrum of the substance is analyzed 
and the composition is deduced from 
it. 

Spectroscopy has developed from 
the flame test. Elements have their own 
characteristic flame colours or wave- 


LTIPLIERS 
ACT AS 
“LIGHTMETERS’ 


lengths. A copper compound sprinkled 
in a flame turns the flame colour 
greenish-blue. Calcium turns it 
orange; barium turns it apple green. 
With potassium the flame is lilac and 
with strontium it is crimson. The 
higher the concentration of the ele- 
ment, the brighter is the flame colour. 
Only a very faint blue colouration 
forms when the copper concentration 
is low, but when there is a lot of copper 
sprinkled in the flame, the blue colour 
is really intense. 

The eye can pick out these colours 
when there is just one metal present, 
but this is no use for a mixture of 
metals. The eye cannot analyze a 
mixture of colours. Nor can _ it 


accurately judge the intensity of a 
colour to say how much of the metal 
is present. 

All this has to be done with a 


raph. A prism can be used to 
rate out the various wavelengths 
light. When light from an electric 
amp passes through a narrow slit and 
lenses to focus it, and falls on the side 
of a glass prism, the light from the slit 
is fanned out into a band of colour 
with red light at one end and violet 
light at the other. The result is a band 
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‘the range of ‘. wave- 


lengths present Coming from he, ele- 
ments. 

Each element has 
ticular spectrum and gives line 
particular wavelengths. When 
yellow light of sodium is examined 
through a prism, one yellow line is 
seen. Magnification shows this to be 
two yellow lines very close together. 


So sodium light consists of two par- 
ticular light wavelengths. Whenever 
this spectrum is found, sodium must 
have caused it. Finding the spectrum 
is finding the ‘fingerprints’ of the 
substance. The spectrum of a par- 
ticular element cannot vary. 

The only thing that can vary is 
the intensity of the lines. If they are 
very bright there is a lot of the metal 


esent and if they are dim, it is 
present in only small quantities. 

This is put to good use in the 
spectroscope. The sample is made to 
give out light by heating it to give 
its atoms energy. The source unit can 
be a flame or can be electrically driven. 
The light is fanned out into a spec- 
trum by a prism or diffraction grat- 
ing. From the position of the lines and 
their intensities, the type and com- 
position of the mixture can be found. 
Spectrographs consist of three parts, 


one part in which the substance is 
made to radiate energy, one part to 
split up this energy according to 
wavelength and a final part to look 
at the spectrum and analyze it. 

There are two ways of analyzing 
the spectrum. It can be photographed 
by putting a light sensitive plate in its 
path. The positions of the lines give 
their wavelengths and the wavelengths 
tell what elements have caused them. 
The plates need further analysis to 
find the intensities of the lines. 

Photography is useful in research 
laboratories, but not much use in 
factories where time is the important 
factor. In the factory, where the 
analysis is all routine, the types of 
element are known and it is only 
necessary to check the concentration. 
Instead of the photographic plate, 
photomultipliers are placed in the path 
of the spectrum. The photomultipliers 
are ‘light meters’ measuring the in- 
tensity of the light falling on them by 
transferring its energy into the energy 
of an electric current. For each of the 
metals a particular line of its spectrum 
is chosen. Photomultipliers are ar- 
ranged, one at each line. Thin slits in 
front of them shield the photomulti- 
pliers from other unwanted light. 

The current produced by the beam 
of light is amplified so that it can be 
stored and used to drag a needle 
across a dial. The instrument will 
have already been calibrated by find- 
ing the meter readings for known 
quantities of metals. The analyst 
using this sort of machine simply 
switches to each photomultiplier in 
turn and takes down the meter reading 
for each one. 
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| APPLIED SCIENCE | 


Biochemists 


al Work - 


“PIFE is a chemical process’ — wrote 
Lavoisier in 1780. This was the 
birth of biochemistry — the chemistry 
of living things. The science is essenti- 
ally a dynamic one dealing with living 
processes, not just the composition of 
living things. Biochemists are con- 
cerned with the way that substances 
interact in the living body; the way in 
which food is absorbed; the way in 
which new tissues are built up and the 
means by which energy is produced. 
The early — biochemists — quite 
naturally — were interested in the 
workings of the human body, especi- 
ally with regard to disease. Much of 
the early work was done on the action 
of muscle and its energy requirements. 
Digestive enzymes and some vitamins 
were also discovered quite early on. 
It was not until about 1920, however, 
that more fundamental biochemical 
research began. Thanks largely to the 
work of Sir Frederick Gowland 
Hopkins, it developed rapidly into a 
major science. 


} 


<a 


A biochemical laboratory. It is dominated by the red gas-chromatography apparatus. 


The biochemist is concerned with 
the processes of living, whether they 
be of Man or an earthworm. Certain 
chemical processes in human muscle 
and yeasts are remarkably alike and 
it appears that the basic features of 
life are similar in all living things. 
Much of the basic research in bio- 
chemistry may not seem to be directly 
useful but very often the results can 
be used in another field. Because 
biochemistry is the chemistry of life, 
it has applications in medicine, nutri- 
tion, agriculture and many other 
fields. The methods of analysis, too, 
are often used in other work. 

Perhaps the most spectacular of the 
recent advances in biochemistry are 
those concerning genes and chromo- 


The biochemist here is grinding up some tissue 
in a special tube which is immersed in ice-cold 
water. The grinding tool is a ground-glass rod 
which 1s turnedebyithe electris motor. 


MOTOR 


(CE BATH 


somes within the cell nucleus. These 
tiny structures are the basis of cell 
division and, probably, of life itself. 
Work of this nature may have im- 
portant consequences in cancer re- 
search, for in this disease the cells 
multiply abnormally fast. 

Pure biochemists are concerned 
with the actual processes going on in 
the body. Although they make use of 
some elaborate pieces of equipment, 
their laboratories are not necessarily 
full of expensive apparatus. Much of 
the work is done in simple flasks and 
test tubes. The quantities of material 
are often very small and _ special 
techniques are needed to cope with 
these. 

A typical problem may be to dis- 
cover the rate at which enzymes in the 
liver break down unwanted _nitro- 
genous compounds. First, the bio- 
chemist must extract the enzymes 
from the liver cells. He does this by 
carefully grinding up some tissue in 
an ice-bath. He may need to separate 
the cell fragments which he does by 
using a very high-speed centrifuge. 
This drags the heavier particles to the 
bottom. Known amounts of the nitro- 
gen compounds (e.g. amino-acids) are 
added to the enzyme extract and kept 
at a constant temperature. After a 
given time some of the amino-acid 
will have been broken down and the 
biochemist has to find out how much 
is left or how much new substance has 
been produced. This is often very 
difficult when minute quantities are 
involved. 

One of the most powerful tools of 
the biochemist is the spectrophotometer. 
When the substance under test is 
coloured or can be converted into a 
coloured compound, its concentration 
can be measured by measuring the 


amount of light that it absorbs. 
Chromatography is also widely used to 
find out what substances are present 
at various stages in a process. This is 
a quick way of separating compounds 
so that they can be identified. They 
are separated by the different rates at 
which they move along a strip of 
paper or other material when carried 
by a stream of gas or liquid. 

Perhaps the commonest piece of 
apparatus in a biochemical laboratory 
is the Warburg manometer. Many living 
processes either take up or give out 
gases — especially oxygen and carbon 
dioxide. The Warburg manometer is 
a simple piece of apparatus that 


Using a geiger counter 
to find out if plants 
have absorbed radio- 
active fertilizer. 


Isotopes in Biochemistry 


The possibility of using radioactive 
materials (tracers) to follow reactions 
paved the way for big advances. The 
biochemist feeds or injects the animal 
(or plant) with minute doses of radio- 
active material —it may be a food, a 
eh or a drug. If it is a food, the 

iochemist can follow its fate— 
whether it is used to build up new 
tissue or whether it is broken down 
to release: energy. Just where drugs 
or insecticides or weed killers have 
their effect can also be detected. The 
way in which resistant insects break 
down a formerly fatal insecticide is 
being investigated in this way. The 
various radioactive products can be 
detected on a paper chromatograph 
and the reactions can be deduced. It 
is then possible to make new insecti- 
cides that cannot be broken down in 
that particular way. This is just one of 
the examples in which tracers are 
helping biochemists to help Man. 


enables the amounts of gases to be 
measured. The reaction takes place 
in a small flask kept at a constant 
temperature in a water bath. The rate 
of the reaction is given by the rate of 
gas exchange. 

Biochemists in Medicine 

In a healthy person all parts of the 
body work in harmony and all the 
processes are balanced. If any part 
fails, the whole system is thrown out 
of gear and illness results. Over the 
years, biochemists and physiologists 
have discovered the function of just 
about every part of the body. We 
know, for example, that the kidney 
excretes waste nitrogen compounds. 
Thus, by analyzing samples from a 
patient, it should be possible to tell 
where the trouble is situated. Many 
applied biochemists are employed in 
hospitals, analysing blood, urine, etc. 
They are applying biochemical tests 
to discover what substances are present 
and in what quantities. 

The cure for an illness may lie in 
drugs. The number of these is in- 
creasing daily and all are biochemic- 
ally examined to discover their effects 
on living tissues (e.g. whether they 
increase or decrease the rate of a pro- 
cess). Many micro-organisms — bac- 
teria and viruses especially — cause 
diseases and they have been the 
subject of much biochemical work to 
discover the way in which they pro- 
duce poisons and the way in which 
these affect the human body. 
Biochemists in Nutrition 

The discovery of the vitamins and 
their importance was a major land- 
mark. Many disorders are now known 
to be caused by lack of vitamins in 
diet and can be prevented. Much 
work is at present being done on the 
feeding of cattle, pigs and poultry in 
order to produce more meat and eggs. 
The animals are given diets of various 
fat or protein content. Biochemists 
analyse the diet and the faeces to 
discover which food materials are 
digested best. Records of weight gains 
are kept and it is possible to calculate 
the best diet for the maximum weight 
gain. 

Biochemists in the Food Industry 

Biochemistry is involved in both 
the production and the preservation 
of food. Plant biochemists study the 


A spectrophotometer used to measure the 
density of colour of solutions and hence their 
concentration. 

effects of fertilizers on the yield and 
quality of crops. Food often has to be 
stored for long periods and it fre- 
quently deteriorates. Biochemists are 
employed throughout the food in- 
dustry to study the deterioration of 
food and to find ways of preventing it. 
Sometimes this can be done by freezing 
or drying and sometimes by adding 
chemicals such as salt. Quite often, 
although there may be no outward 
sign of change, the vitamins may be 
destroyed or the food-value altered 
in some other way. Some workers may 
only test to see if there is deterioration. 
Others (pure biochemists) will actu- 
ally study the processes concerned and 
try to prevent them. 

SMALL GLASS FLASK 
THAT FITS ON TO 


MANOMETER AND 
IS IMMERSED IN BATH 


The Warburg Manometer is a vital piece of 
equipment. The reaction goes on in the little 
flask which is immersed in the water bath. 
The gases given off are measured by changes 
in level of liquid in the tubes. 


OPEN END 


” 
W 
™ 


Ae 
1 


H 
: 


fer 


— 


a 


Ce ee eee ae a 


SOEUR SS CEE CLI 


AOE A el ll lh N 


i 
I 
: 
: 


MAGNETISM 


Radiation Belts 
around the EARTH 


"THE Earth acts like a huge magnet. 
Using its magnetic field, it way- 

lays same of the electrically charged 
particles which are continually shoot- 
ing through space. The particles, 
-because they are electrically charged, 
are affected by the Earth. Some of 
them are repelled away into space 
and others penetrate the Earth’s ma- 
netic field, and are caught. Already 
moved from their original paths, they 
are forced to travel in tightening 
spirals around the Earth. Some reach 
the Earth’s surface. Some of them are 
trapped outside the atmosphere, in 


_ DIRECTION OF MAGNETIC 
FIELD . 


DIRECTION. OF 
MOVEMENT 


DEFLECTION OUT OF 
PLANE OF PAPER 


When a charged particle moves in a 
magnetic field ‘cutting the lines’ of the 
magnetic field, it is deflected. In this 
example, a positive particle is deflected 
towards the right. 


DIRECTION OF 
MAGNETIC 
FIELD 


DEFLECTION INTO 
~ PLANE OF PAPER 


DIRECTION OF 
PARTICLE’S 
MOVEMENT 


Negative particles are deflected to- 
wards the left. The deflection occurs 
even if the particle ‘cuts the lines’ at an 
angle. 


MAGNETIC 
FIELD 


DIRECTION 
DIRECTION 
OF PARTICLE OF PARTICLE 


-When a pode moves parallel to the 


‘lines’ of force, it does not ‘cut the 
lines’. Consequently, it is not deflected. 
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the Earth’s radiation belts. 

The origin of the trapped particles 
is unknown. They are probably cosmic 
rays, particles of high energy blasted 
away from exploding stars. By the 
time they approach the Earth, it is 
virtually impossible to tell where they 
have come from. Every time the 
charged particles pass near the mag- 
netic field, their paths are bent, usually 
into spirals. Negatively charged 
particles (electrons) spiral in one 
directions. Positively charged protons 
spiral in the opposite direction. 

Most of the trapped cosmic radia- 
tion consists of either protons or 
electrons. Electrons are very much 
lighter than protons. Consequently 
they are more easily trapped, and 
are forced to spiral around the Earth 
in the outer radiation belt about 
12,000 miles above the Earth’s surface. 
Protons have a bigger mass and can 
penetrate deeper before they are 
trapped. Protons go into the inner 
radiation belt, which is only about 
1,000 miles from the Earth. 

These two radiation traps, one 
mainly for protons and one mainly for - 
electrons, are called the Van Allen 
Belts. James A. Van Allen, an Ameri- 
can physicist, was in charge of the 
research team which discovered them. 
The radiation belts were discovered 
by one of the first artificial satellites 
in 1958. Geiger counters sent up to 
record cosmic ray intensities trans- 
mitted strange results back to Earth. 
An unexpectedly high amount of 
radiation overloaded the counters and 
Jamemest them. The satellite, Explorer 

, had encroached into the radiation 
a 

Later satellites have carried more 
adequate counting instruments. They 
are used to record not only the 
intensity of the radiation (the number 
of charged particles hitting the in- 
strument) but also the magnetic field 
extending out into space. Radiation 
is trapped by magnetic effects, and 
the radiation belts have been found 


MAGNETOSPHERE 
TAILS AWAY ON THE 
‘DARK’ SIDE OF THE 
EARTH 


PARTICLE 
SPIRALS INTO 
OUTER BELT 
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magnet. But the magne 


distorted by the effect of the Sue Se, 
Streams of particles and other kitids S 
of radiation are emitted by the Sun. 
More are emitted when the Sun’s 
surface is disturbed by sunspots and 
oo. solar flares. Particles streaming out 
from the Sun form a solar ‘wind’. 
Their effect is to blunt the side of the 


to follow roughly the contours of the 
Earth’s magnetic field. Between the 
two Van Allen belts is a no-man’s 
land, where practically no energetic 
particles can remain for long. Beyond 
the outer Van Allen belt is a region of 
less energetic orbiting electrons. Pre- 
sumably they have not been travelling 
fast enough to penetrate deeper into 
the Earth’s magnetic field. All the 
belts occupy a region called the 
magnetosphere. 
The Effect of the Solar Wind 

The magnetosphere is the region 
where the Earth’s magnetic field 
influential. However, the magneto- 
sphere is not a symmetrical sphere. 
The field around an ordinary bar 
magnet is symmetrical, and_ the 
Earth’s magnetic field is thought to 
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‘sphere’ facing the Sun (this side is 
over the sunlit half of the Earth). On 
the dark side of the Earth, the mag- 
netosphere is pulled out away from 
the Earth (and from the Sun). 
Radiation Gaps over the Poles 

The Earth’s radiation trap is in- 
complete. There are two large holes 
in it over the polar regions, above 
latitudes of 70° to 75° north and south 
of the Equator. In this region, the 
Earth’s field does not hinder particles 
coming in from outer space. 

They are not trapped because of 
the peculiar interaction between 
charged particles and magnetic fields. 
When the charged particles travel 
parallel to the ‘lines’ of the magnetic 
field (as they do when approaching 
the Poles) they experience no force 
whatsoever. Their paths are not bent 
and they do not spiral around. Both 


The im the right ha 


the centre of the spiral. The electron spiral is tighter than the proton spiral, because the electron is more 
easily deflected. The fingers of the left hand give the right deflection for a positively charged particle. 
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right angles to each other. The thumb, first and second fingers of each 


d are the most 


convenient devices for picturing three directions, each at right angles to each other. 


electrons and protons can go straight 
through to the Earth’s surface. Since 
no particles are trapped, there can be 
no belt of accumulated trapped 
particles above the polar regions. 
The Artificial Belts 

Not all the energetic particles of 
the radiation belts are trapped from 
outer space. Since 1958, new man- 
made belts of radiation have been put 
up there. Atomic bombs, exploded in 
the upper atmosphere, released thou- 
sands of millions of millions of millions 
of millions of high-energy electrons. 
The object of the experiments was to 
see how these energetic particles are 
affected by the Earth’s field, how 
quickly they begin to spiral into 
radiation belts, and how long the 
artificial belts can stay there. 

On the underside of the inner Van 
Allen belt, the remains of American 


‘Starfish’ experiments _ still persist. 
Nuclear explosions 250 miles above 
the Earth’s surface caused vivid polar 
aurorae (which are thought to be 
associated with the radiation belts), 
and then high-energy electrons, end- 
products of the nuclear explosion, 
quickly dispersed into a definite belt. 
The remnants of a Russian nuclear 
explosion congregated in the un- 
charged region between the two Van 
Allen Belts. However, this radiation 
quickly disappeared. 

A great deal of research remains to 
be done before the radiation belts 
are mapped completely. A little of the 
work is done by balloons — most of it 
is now done with artificial satellites. 
The radiation in the belts may be 
harmful to human beings, so it is 
important to know its extent, and 
intensity. ; 
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BOILING AND BUMPING 


WATER boils when the liquid 

water molecules become too 
energetic to remain closely bound 
together. They have just enough 
energy to break the binding forces 
that keep them close to all the rest 
of the molecules. 

It is easy for molecules near the 
surface to escape, and form water 
vapour. But throughout the main 
body of liquid there are molecules 
with enough energy to escape. How- 
ever, they are trapped beneath the 
water. To escape, the vapour mole- 
cules must join together to form a 
vapour bubble. This rises to the 
surface, because it is less dense than 
the surrounding water. The bubbles 
in boiling water are bubbles of water 
vapour. 

The bubbles in a pan of boiling 
water invariably start to form on the 
sides and bottom of the pan. A bubble 
cannot grow when it is surrounded on 
all sides by liquid. The boundary 
between vapour and liquid acts like 
an ‘elastic skin’, always tending to 
contract. A tiny spherical bubble has, 
for its size, a large boundary area. 
A large boundary area leads to a 
large inwards contracting force. In 
a stable bubble, this is counteracted 
by an ‘excess pressure’ within the 
bubble, the pressure being higher 
than the pressure in the water just 
outside. The higher pressure inside 
the bubble deters more water mole- 
cules from joining on to the bubble. 

However, the bubble can start to 
form over solid surfaces, where the 


Bubbles in boiling water are water vapour 
bubbles. They cannot form easily in the 
middle of the water. 
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When large bubbles shoot up to the surface, 
some of the liquid may be shot out of the 
flask. The explosion of the bubbles may 
crack the flask. 


solid forms a part of the boundary 
surface of the vapour bubble. The 
‘elastic’ skin does not then press in on 
all sides, the pressure inside the bubble 
is smaller, and a bubble can grow. 
Large bubbles form over smooth 
surfaces and small bubbles are pro- 
duced over rough surfaces. The bubble 
can steadily extend over a smooth 
surface. Irregularities in the rough 
surface interrupt the spread of the 
bubble, so smaller ones are formed. 
Big bubbles may cause bumping in 
the pan. A big bubble bursting up to 


Bubbles can grow on solid surfaces. They 
have less ‘elastic’ boundary with the 
liquid to maintain. 


When lumps of porous pot are put into the 
flask, the vapour is released in_smaller 


“bubbles. These are much safer. There ws 


no splashing. 


the surface is like a minor explosion. 
When the substance being boiled is 
harmful — for instance, acid in a flask — 
the violent explosion may push some 
of the contents out of the flask. This 
can be very dangerous. 

To prevent bumping, pieces of 
broken unglazed pot should be put 
in the flask. The porous pot provides 
a rough surface area over which small 
bubbles can easily form. Instead of 
coming up to the surface in one 
violent bubble, the vapour is released 
in smaller ones. 


Smaller bubbles form where the surface is 
bumpy. Larger bubbles grow when the 
surface is flat. 
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INDUSTRIAL CHEMISTRY 
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ANY people think of gasworks as 
dirty, grimy places which are 
surrounded by unpleasant smells. Al- 
though this applies to a few of the 
older works where both coke and gas 
are made by heating coal in the 
absence of air, modern gas-making 
plants are remarkably clean and free 
from the familiar smells of the older 
works. 

This is certainly true of plant 
making gas by the Lurgi Process, a 
process which differs in many ways 
from traditional gas-making. In the 
earlier days of the gas industry most 
of the work was done manually, but 
gradually mechanical handling of 
coal, coke and ash was introduced. In 
the Lurgi plant a high degree of auto- 
mation has been reached. The various 
operations in the five stages of the 
plant are regulated from central con- 
trol panels. This means that the labour 
force is quite different from that 
employed in the older type of works. 
There are far fewer manual workers, 


_ Carbon Monoxide Conversion 


Probably the greatest advantage of 
Lurgi gas in the home is that it is 
virtually non-poisonous. Thus the 
dangers of an accident following the 
escape of unignited gas are reduced. 
It is the carbon monoxide in town gas 
which is poisonous but in the Lurgi 
Process it is removed at an early stage. 

This is done by oxidizing the carbon 
monoxide to carbon dioxide using 

_ steam. The heating power of the gas 
‘is not lost as hydrogen is the other 
product of the reaction, and has the 

_ same calorific value as carbon mon- 
oxide. 


“ 
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but rather more technicians. 

Only certain types of coal are 
suitable for making coke, and _ the 
greater demand for them compared 
with other coals has forced prices up 
in recent years. This, coupled with a 
reduction in the demand for coke, led 
the Gas Boards to search for alterna- 
tive ways of making gas. The Lurgi 
Process makes gas (but not coke) from 
low grade coals which are much 
cheaper than coking coals. In fact, 
coking coals cannot be used in the 
Lurgi Process — they swell too much 
when they are heated. 

In this process coal is completely 
gasified — all the carbon and volatile 
matter in it is turned into gas. The 
plant is run at a high pressure (about 
twenty-five times atmospheric pres- 
sure) and oxygen (not air) is passed 
over the hot coal. This gives a product 
with a comparatively high calorific 
value. 

A mixture of oxygen and super- 
heated steam is passed through the 
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After coal has been gasified (above), the 
crude gas must be purified (below). 
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hot coal and two chemical reactions 
go on simultaneously. Some carbon 
burns in the oxygen to give carbon 
monoxide and carbon dioxide. Heat 
is given out by this process, while heat 
is absorbed when steam reacts with 
the hot coal. The latter reaction 
produces hydrogen and carbon mon- 
oxide. The high pressure in the gast/ier 
favours the formation of methane and 
other hydrocarbons from hydrogen 


gas and the carbon in the coal. By 
careful control of the ratio of oxygen 
NITROGEN BUTANE 
GAS GAS 
_______sBALLAST- DRYING 
~—a ING 


Great care is taken in the Lurgi Plant to 
recover and use surplus heat energy. The 
waste heat boilers (left), 
the heat in the gas leaving the gasifier 
(right). 
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to steam entering the gasifier, the 
temperature of the bed of coal can 
be kept steady. 

There are five separate stages im 
the Lurgi Plant. First the oxygen and 
steam used to gasify the coal have to 
be made. The mixture of oxygen and 
super-heated steam react with the 
red-hot coal in the gasifier which is 
the third unit. Next the various im- 
purities present in the gas are removed. 
Most of them can be further purified 
and sold as by-products. Finally. the 
density and calorific value of the 
purified gas are adjusted to the correct 
level by adding nitrogen from the 
oxygen plant and butane from oil 
refineries . 

Great care has been taken in design- 
ing gas works using the Lurgi Process 
to minimize the wastage of heat, and 
to utilize the by-products to the full. 
For instance, the heat gained by 
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cooling the hot gases emerging from 


the gasifier is not wasted it is used 
to make low pressure steam which 
can be used for heating and in the 
purification units. 

Some of the nitrogen obtained 
during the separation of oxygen from 
the air is added to the purified gas to 
increase its density. Nitrogen is also 
used to repressurize the ‘coal locks’ 
of the gasifiers. The Lurgi Process 
produces gas at a high pressure, and 
this pressure can be used in place of 
pumps to push the gas along pipes to 
distant towns. 
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LIMB VERTICAL 


SYMMETRICAL FOLD 


OVERTURNED FOLD 


FOLDS and FAULTS 


COLOSSAL forces have been active 

in the Earth’s crust at many 
stages during geological time. Though 
such forces may have long since dis- 
appeared, evidence of their earlier 
activity is left behind in the bent, 
twisted and fractured rocks at the 
surface of the Earth. Bends in the 
rock — rather like wrinkles in a crooked 


Folding of Rocks 


Squeezing, or compression, pushes 
objects tightly together and, unless 
they are very elastic, forces them to 
expand in some other direction. When 
layers of rock are squeezed from the 
sides, one way of relieving the pressure 
is for them to expand upwards to 


FAN FOLD 


The limbs of the intensely squeezed isoclinal folds have become parallel. Fan folds have 


rigid outside layers and centres of soft rock. 


table-cloth — are called folds ; fractures 
in the crust along which slabs of rock 
have moved are called faults. 

Episodes of faulting and folding 
are very useful for dividing up geo- 
logical time into smaller, more con- 
venient units. Rocks older than a 
given set of Earth movements will be 
consequently bent and_ broken; 
younger (later) rocks will not be 
affected but will rest on the disturbed 
surface. 


form a fold or arch. The same effect 
can easily be produced by pushing 
the opposite sides of a paper-backed 
book together. 

An enormous pressure acting over 
a large area may form a series of such 
folds in rock, all lying parallel to one 
another. Each upward fold or arch is 
called an anticline while the troughs 
in between are called synclines. Where 
the pressure disappears or becomes 


The symmetry of folds depends upon the 
strength, position and direction of the 
forces responsible. 


connected aoe fetes —the buck- 

ling and bending of deep-water troughs 
in which sediments have accumulated 
for millions of years. 


To the geo gist, disturbed rocks 
are a very useful key to the past. 
Detailed study of folds and faults shows 


from which direction the forces in- 
- volved came. Further, the geography 
can be reconstructed showing how 
the disturbed rocks must have been 
arnt before the distortions took 
ace 
3 Rocks in some areas show signs of 
many separate episodes of Earth move- 
ment. The first set of folds and faults 
may be twisted by a second force 
coming from a different direction. 
Usually, the older the rock the more 
distorted it is; old rocks have been 
subjected to more Earth movements. — 
_ However, in pa le 
of the crust this “not 
sie 


Wales — and yet ae are as soft a 
undisturbed as present-day clays. 


Weathering of faulted and folded rocks gives vartety to a landscape as depicted in this scene. 


LIMESTONE RIDGES 


SANDSTONE RIDGE 


Intense compression of sedi- 
ments inside a trough during 
an orogeny. Thin rocks on the 
forelands are in comparison 
only slightly disturbed. 


smaller, the folding gradually dies 
out and the arch plunges into rocks 
that have not been disturbed. 

The size and shape of folds vary 
according to the directions and in- 
tensities of the forces involved and 
also according to the nature of the 
rock material. 

Soft rocks such as clay, gypsum and 
rock-salt are not brittle. Under pres- 
sure they behave something like soft 
Plasticine. They cannot transmit 
pressure very far and soon collapse 


FORELAND 
GEOSYNCLINE 


‘ 
INTENSE FOLDING AND 

FAULTING OF SOFT 

SEDIMENTS IN TROUGH OR GEOSYNCLINE 


and have each side or limb inclined 
at the same angle. A very strong force 
acting in the opposite direction to a 
small force, tends to turn the fold 
over. Folds representing all stages 
from upright symmetrical folds to the 
completely over-turned recumbent folds 
are known. 

Two very large forces compressing 
only slightly rigid rock may com- 
pletely concertina the folds so that all 
the limbs are parallel to one another 
(isoclinal folds). Under such com- 


A tear fault offsetting rocks. Below, slicken-siding on a piece of rock caused by movement 


against another rock surface. 


into numerous, irregular, small 
wrinkles. Rigid rocks such as lime- 
stones and sandstones can transmit 
pressure over a very wide area and 
large folds, often miles across, may 
form. 

The disturbed surface usually con- 
sists of layers of both rigid and soft 
rocks; while the rigid rocks are bent 
into large folds, the soft material is 
squeezed and stretched in between. 

Moderate pressures usually form 
symmetrical folds that stand upright 


pression, more rigid layers of rocks 
may form folds shaped like fans (fan 
folds). If compression takes place from 
all directions, a circular dome will be 
produced instead of an elongated arch. 


Faulting of Rocks 


Faults are cracks or fractures in the 
crust along which rocks can move. 
Three distinct types of fault are 
recognized ‘according to the direction 
in which most movement has taken 
place. When the Earth’s surface is 


(Left) When rocks can fold no more, faulting may then take place. (Right) Imbricate 
structure-crustal shortening takes place by slices of rock moving over each other. 


THE TOP LIMB OF THIS RECUMBENT FOLD 
HAS BEEN THRUST OVER THE BOTTOM LIMB 


LAYER OF ROCK 
OFFSET BY FAULTS 


FAULTS 


under compression, as well as folding, 
pressure can be relieved by upward 
movement of one block of rock over 
another. Such faults are called reverse 
faults. If the fracture is inclined nearer 
the horizontal than the vertical, the 
reverse fault is called a thrust. Blocks of 
rock have been pushed scores of miles 
from their original positions along 
thrust planes. 

When a section of the Earth’s sur- 
face is under tension (that is, when 
forces are stretching the crust) blocks 
of rock drop downwards along frac- 
tures. These are the normal faults. 
States of tension are usually set up 


A normal fault has separated a coal seam 
leaving dead ground in between. 


after a strong episode of compression 
in which reverse faulting and folding 
has taken place. 

The third type of faults —the tear 
faults—are distinguished by the 
mainly horizontal direction of rock 
movement. For their formation there 
Must be two forces acting in opposite 
diréctions but positioned _ slightly 
apart, A couple or shearing force results 
Which»tends to twist the rocks in 
between, The tear fractures form at 
approximately 45° to each opposing 
foree and movement along them re- 
lieves the stress. Tear faults, such as 
the Great Glen Fault of Scotland, are 
very straight and very upright. Rocks 
are known to have been moved 
hundreds of miles along tears, though 
generally the distances are much 
smaller. 


SLICKENSIDES 


AXIS OF 
ROTATION 


The skater exerts a turning force and starts 


to spin. 


‘ 
The spin is slow when the arms are out- 
stretched. 


SKATER 
PINS MORE 
KLY 


Pulling the arms inwards causes an accelera- 
tion in the spin. 


SPINS and ANGULAR MOMENTUM 
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A SKATER starts her spin with 

arms outstretched. She swings 
both her arms around to give her body 
the necessary starting impulse. Slowly 
she starts to spin. 

Then, to speed the spin, she pulls 
her arms tightly in to her body. With 
no extra effort, she spins much faster. 

As she twisted her whole body 
around, the skater gave herself angular 
momentum. Momentum is a word used 
to describe the quantity of motion, 
when the body is moving in a straight 
line. It is equal to mass multiplied by 
velocity. Angular momentum is the quan- 
tity of spinning motion. It depends, 
among other things, on the angular 
velocity of the skater, a measure of the 
number of spins per second. 

The skater’s outstretched arms are 
farthest away from the rest of her 
body. They are moving quickest 
through the air. Consequently, they 
have more momentum, and more 
angular momentum. 

The total amount of angular mo- 
mentum remains the same after the 
skater has pulled in her arms. Angular 


momentum is one of the quantities in 
physics which is conserved. Angular 
momentum with arms outstretched 
equals angular momentum with arms 
alongside body. 

The sudden increase in the rate 
of spin comes about when the extra 
angular momentum of the spinning 
arms is shared out over her whole 
body. Angular momentum lost by the 
arms is gained by the rest of the 
skater’s body, which gains ‘more 
angular motion’ and spins quicker. 


WEST 


PALAEOGEOGRAPHY 


4 rocks provide Britain 
with superb building stones and 
valuable iron ores. They also contain 
a large variety of fossils including 
the remains of monstrous reptiles. 
William Smith — the famous English 
geologist — was the first to distinguish 
and map the rocks of Jurassic age; 
many of the colourful descriptive 
names he gave to the rocks in 1799 
are still used. 

The Jurassic period (the title 
Jurassic is derived from the Jura 
Mountains of Switzerland and France) 
began 170 million years ago. The 
rocks which were formed in Britain 
outcrop at the surface in a broad belt 
which stretches from the Dorset coast 
to the North Yorkshire coast. They 


dip gently eastwards and are present 


PLEUROCERAS 
LIVED IN 
LIAS TIMES 


PARKINSONIA 
WAS A MIDDLE 


JURASSIC AMMONITE & & fo - 


Jurassic ammonites ene rapidly and 
were widely distributed. They are very im- 
portant for relating the rocks. 


under later rocks in most parts of 
South and East England. 

At the end of Trias times the sea, 
which had lain far to the south, broke 
in and flooded the flat deserts that 
then covered the British Isles. At first 
the salty water lay on the surface as 
lagoons, and sediments of the Rhaetic 


East-west section through Jurassic rocks of Southern England showing the order in which Jurassic sediments accumulated. 


RHYNCHONELLA 

=A BRACHIOPOD 
FROM THE OOLITIC 
LIMESTONE 


~~ 


THE SHALLOW-WATER LIMESTONES 
AND SANDSTONES 
FORM RIDGES 


GRYPHAEA 
- A _LIASSIC 
OYSTER 


SEA-URCHIN 
FROM THE MIDDLE 
JURASSIC 


Britain in Middle Jurassic times. The broken white line shows 


RITTLE-STAE 


ROM THE 
MIDDL, 


the area in which the Portland and Purbeck rocks were to accumulate 


in Upper Jurassic times. 


} JURASSIC 


episode accumulated. Rhaetic rocks 
are never very thick; they consist of 
grey shales and thin limestones and 
contain a bone bed~— probably the 
remains of reptiles which were 
drowned when the sea first invaded 
the land. (Some geologists group 
Rhaetic rocks with continental Tri- 
assic rocks, others group them with 
the predominantly marine deposits of 
the Jurassic period.) 

Thereafter, the depth of the sea 
floor varied continually. In deep 


BRITAIN 


waters, muds and clays could settle, 
but in shallow water the light particles 
were disturbed by wave action and 
only larger, heavier grains of sand 
and limestone remained. 
Lower and Middle Jurassic Times 
The Lower Jurassic (not including 
the Rhaetic rocks) is called the Lias — 
a quarryman’s corruption of the word 
layers. The rocks are deep-water types, 
and consist of alternating layers of 
blue shales and thin impure lime- 
stones. Spectacular ammonites and 


FRESH-WATER 
SNAIL FROM 
PURBECK 
ROCK 


PORTLAND AND 
PURBECK SAND 
AND LIMESTONES 


TULA 
SHALLO\ 
WATER 
BRACHIOPOI 
SIMILAR FOR 
LIVE TODAY 


reptile. 
reptile remains are found entombed 
in these sediments and are especially 
famous from the cliffs of Dorset. 

The Lias rocks form a low belt of 
good agricultural land stretching 
across England. Towards the top of 
the Lias the sea shallowed, and lime- 
stones and sediments accumulated 
especially in the South of England. 

This shallowing of the sea continued 
into Middle Jurassic times. In_ the 
Cotswold Hills, the thick limestones 
form a steep escarpment overlooking 
the Severn Valley. The limestones 
are oolitic—they are made up of 
numerous small spheres resembling 
fish-eggs (Greek, oon an egg, lithos a 
stone). Each ‘egg’ consists of a small 
sand grain or shell fragment that was 
rolled about the Jurassic sea-floor and 
became coated with the limestone 
precipitated from the warm seas. 

Followed southwards into Somerset 
and Dorset, Middle Jurassic rocks are 
deeper water deposits; the limestones 
are thin and there is much more 
muddy sediment giving gently rolling 
hills rather than strong escarpments. 

Northwards, Middle Jurassic rocks 
are sandier and, in Northampton, are 
important as iron-stones (mined in 
open-cast workings) but limestones 
make up the prominent Lincolnshire 
Edge. 

In the very north of Yorkshire 
there is a spectacular change in 
landscape. Middle Jurassic rocks form 
the bleak, barren Yorkshire Moors 
and Cleveland Hills. The rocks are 
mostly sands, with thin mud-layers 


and coal seams. Here was a delta in 
Middle Jurassic times, built up of 
coarse sediment brought from  sur- 
rounding land masses. The delta was 
very similar to those of the Carboni- 
ferous period and likewise supported 
forests, though the trees were much 
more like present-day forms than the 
Carboniferous ones. Unfortunately, 
coal formation did not take place on 
a large scale. In Scotland a few 
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AES al a zz Ri ee a Fes 
The Cotswold escarpment 1s 
patches of deltaic sandstone have also 
been preserved. 
Upper Jurassic Times 

William Smith called the first 
Upper Jurassic rock the Cornbrash 
because this thin, blue limestone band 
breaks down to give an excelleit soil 
for growing corn. The Cornbrash can 
be traced from Dorset to North York- 
shire and as it is a marine rock with 
marine fossils, evidently the Yorkshire 
delta had become submerged. An 
influx of sand formed the succeeding 
Kellaway Rock, but then the sea 
deepened (except in Yorkshire) for 
the following Oxford Clay was formed 
in deep water. 

Again the sea shallowed and the 
next rock, the Coralliuin, is in most 


Bae a.” sneha. ¥ 
made of Jurassic 


places limey or sandy and contains 
fossilized coral reefs. This was followed 
by the last deep-water Jurassic episode 
—represented by the thick blue 
Kimmeridge Clay. Finally the Portland 
and Purbeck rocks were formed. By 
this time the area of deposition had 
shrunk to a small bay covering South- 
East England. Rocks of Portland age 
are mostly thick, oolitic limestones 
famous as building stones. Quarries 
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on Portland Bill, Dorset, have pro- 
vided much of the stone used in the 
buildings of London. 

The Jurassic period opened with 
invasion of the sea. It closed with 
the sea once more driven back to the 
south. Purbeck rocks are fresh-water 
muds and limestones with little marine 
sediment. Most startling are the ‘dirt’ 
beds, or fossilized soils, with tree 
stumps in their original position of 
growth. 


Middle Jurassic scene in Southern England. Oolitic limestones were forming in shallow seas. The sea creatures are not fish but swimming 


reptiles called Icth osaurs. 
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OPTICS 


PRINGIPLES OF SPEGTROSCOPY 


WHENEVER an atom is given 

sufficient energy, it starts to 
give out radiation. Heating the metal 
sodium makes it give out yellow light. 
The light is always yellow and con- 
sists of light of very definite wave- 
lengths. Under no circumstances will 
the light of heated sodium appear 
purple or green. Heating will make 
the yellow brighter but it will never 
change the colour. 


ABSORPTION 


Absorption spectrum of sodium. The sub- 
stance under test absorbs certain wave- 
lengths of the radiation beamed through 
it. Sometimes the absorption is in the 
visible region of the spectrum. It can also be 
in the invisible infra-red and ultra-violet 
regions and right down to micro-waves. 


A, 


F J 


MOLECULAR 
yy, 


There are two distinct types of absorp- 
tion, absorption by molecules and 
absorption by ions. 


The reason for this lies in the 
structure of the sodium atoms. A 
sodium atom has a central nucleus and 
around it are three layers or shells 
of electrons. To shift an electron out 
of one shell into another shell further 


out, a certain amount of energy is 
required. The electron cannot stay in 
the region between shells. It must 
have enough energy to jump right 
across from shell to shell. Conse- 
quently, the energy involved comes 
in small parcels — just enough to cause 
a jump. When sodium is heated, it 
absorbs a parcel of heat energy which 
is sufficient to shift the electron in the 
outer (valency) shell. With its extra 
bundle of energy the electron jumps 
to a higher energy shell. 

It does not stay there long for the 
electron is excited and unstable, but 
rapidly jumps back into its old posi- 
tion, getting rid of the extra bundle 
of energy. Every time an electron 
jumps back into its old position a 
definite bundle or photon of light 
energy comes off. Because the light 
has a certain energy it is always light 
of a particular colour and wavelength. 

There are two possible parcels of 
energy because sodium electrons come 
in two types, spinning round in oppo- 
site directions and therefore there are 
two possible positions into which the 
valency electron can jump. One has 
slightly more energy than the other. 
Therefore, on jumping back, two 
different sized bundles of energy are 
released and light of two. slightly 
different wavelengths is produced. 
There are some other possible positions 


into which electrons can jump and 
consequently some other wavelengths 
of light are also given out. 

When sodium light is beamed 
through a slit on to the side of a 
prism, the two different wavelengths 
take slightly different paths. Two 
yellow images of the slit are obtained, 
one for each wavelength. The spec- 
trum shows two yellow lines very 
close to one another. Whenever these 


EMISSION 


Emission spectrum of sodium. When heated, 
sodium vapour emits doublet’ lines of yellow 


light. The wavelengths are very nearly equal 
and the lines are very close together. 


ways of exciting substance to 
make them emit radiation. Electrical 
heating or heating in a flame excites 
the outer electrons. Bombarding with 
X-rays excites the inner shells. 


two lines appear in a spectrum there 
must be sodium in the flame. 

This is the pattern for sodium, but 
every single element is built up in 
its own particular way. Some have 
more electrons; others have less. Some 
have more electron shells; others have 
less. Different sized bundles of ene 
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to shift the outermost electrons. More 
energy is needed to remove an electron 
from an inner shell. The nearer the 
nucleus, the more difficult its removal. 
When inner electrons are disturbed, a 
fresh part of the spectrum appears, 
again a spectrum characteristic of the 
particular atom.. To shift electrons 
from inner shells, something with more 
energy than heat radiation is needed. 


Absorption 
Spectrophotometer 
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methods are known as emission spectra. 
There is another type of spectrum, 

n absorption spectrum. This time the 

Mo tlement under test is made to absorb 
radiation instead of giving it out. 
When sodium is under test, a yellow 
sodium light is produced and _ is 
directed so that it shines through a 
glass-walled compartment containing 
some sodium ions in solution or 
through a flame into which the sodium 
sample is injected. The yellow light 
its the sample of sodium. It is of 
just the right energy to excite the 
atoms. Consequently the sodium ab- 
sorbs this energy to energize its elec- 
trons. The electrons cannot stay in an 
excited state for long and rapidly 
revert back to their normal state, 
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Emission Spectroscopy 


the intensity at the other end of the 
spectroscope. It will be constantly 
changing with the energy source. For 
intensity measurements to have any 
meaning at all and be a measure of 
the quantity of the elements present, 
the energy must not be allowed to 
vary at all. 

This was the reason the early 
spectroscopes failed. The  spectro- 
scopes of the late 19th century were 
unreliable because the light sources 
flickered. In the 20th century, with 
the advent of more reliable electrical 
equipment, the spectroscope became 
an instrument that could be trusted. 
X-ray machines could work at con- 
stant energy. Flames were produced 
so that their temperatures could not 
vary. Electric arcs of constant energy 
were designed. In one of these light 
sources, electric current is made to 
jump a gap between a carbon elec- 
" trode and another electrode made of 
A source of energy 1s the first part a metal under test. The light given 
of any instrument. If the energy given out as the current jumps the gap is 
out by this source is allowed to vary, then analyzed to find the metal 
emitting thé parcels ol light they there will be no point in measuring — content of this electrode. 
have absorbed. But instead of being 
emitted in one direction, this light 
is scattered in all directions. The 
instrument picks up only a fraction 
of it. The fraction picked up is now 
dimmer because most of the light 
has been scattered in other directions. 
If there is a lot of sodium in solution, 
much of the yellow light is much 
dimmer. If there is only a little, the 
light intensity is not much affected. 

The light emerging from the solu- 
tion is split up with a prism and 
examined again to find how the 
intensity of the ‘lines’ has been altered. 


THE SOURCE OF A 
SPECTRUM CAN BE 
A FLAME, A PLASMA 
OR AN ELECTRIC 
ARC 
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A PHOTOMULTIPLIER IS PLACED AT A 
METAL. THE INTENSITY OF THE LINE 


Metal content can be obtained 
by switching to each metal in turn. 
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THE CIRCLE 


THE ELLIPSE 


THE PARABOLA 


THE HYPERBOLA 


THE STRAIGHT LINE 


EQUAL HORIZONTAL 
STEPS 


EQUAL VERTICAL 
STEPS 


A straight line is defined once 
two points are known. Equal 
vertical steps correspond to equal 
horizontal steps. The slope is 
constant. 


The Cone and 
its Family of 


CURVES 


"THE least complicated shapes which 
lines can take are the straight line, 
the circle, the ellipse, the parabola and 
the hyperbola. They are all smooth lines 
with no odd bumps in them. Although 
they look dissimilar, these lines have 
several properties in common. One of 
the properties is their origin, the cone. 
It is not difficult to construct the 
straight line (with a ruler) or the circle 
(with a pair of compasses). The ellipse, 
the parabola and the hyperbola re- 
quire a little more guile. But these 
shapes can be easily obtained from the 


Conic lines are often followed 
by moving objects. A ball in 
outer space, unaffected by for- 
ces, travels in a straight line. 


Fine 


CONSTANT 
RADIUS 


The slope of a circle is 
not constant. However 
the radius is the same 
for all points on the 
circle. ; 


THE ELLIPSE 


RADIUS 


STRAIGHT — 
LINE 


The ellipse is a kind of 
stretched circle. The 
radius divided by the dis- 
tance to the. straight 
lineis constant. 


THE PARABOLA 


4 _—} 


In the parabola the radius 
divided by the distance 
to the straight line (the 


eccentricity),1s always one. 


RADIUS 


straight line. 


cone. In fact, every single variety can 
be discovered by chopping up a 
wooden cone. 

The straight line is the sloping side of 
the cone. Any cut parallel to the cir- 
cular base of the cone reveals a circle. 
Sloping cuts give the two cut surfaces 
the shape of an ellipse, provided that 
both ends of the cut go through the 
sloping sides. 

The cut which is parallel to the other 
sloping side, opens up a parabola. The 
final shape, the hyperbola, follows on 
from the parabola. The cut starts on 
one sloping side and finishes in the 
base. But the cut is more nearly 
vertical than it is for the parabola. 


NUCLEUS 


ELLIPTICAL — 
ORBITS 


The tension in the string 
keeps the ball moving on 
acircle. Gravitational and 
electrical forces may also 
cause circular orbits. 


All planets have slightly 
elliptical orbits with the 
Sun at one focus. Elec- 
tronic orbits in atoms 
may also be elliptical. 


PARABOLA 


The cannon-ball has a 


parabolic path. The car 
head-lamp is at the focus 
of a parabola, and rays 
from the lamp are made 
parallel. 


THE HYPERBOLA 


RADIUS 


a ee a 


The eccentricity of a hy- 
perbola is greater than 
one. The radius is greater 
than the distance to the 


1. Straight lines are drawn with rules through two (or more’ points. 2. The radius of a 
circle is constant, so it ty drawn with a pair of compasses. 3. A length of string, two pins and 
a pencil are needed to draw an ellipse. There is no quick method of drawing parabolae or 


hyperbolae. 


ALPHA- 
PARTICLE 


HYPERBOLIC —— 
PATH 


Cooling towers are hy- 
perboloids. Alpha par- 
ticles follow hyperbolic 
paths when they are re- 
pelled by atomic nucleus. 
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ELECTRICITY 


VOLTAGE DOUBLERS 
LERS 


FLECTRICITY is a very adaptable 

source of power because it can 
easily be changed from one form to 
another form. The mains supplies 
electricity as an oscillating current, 
usually at 240 volts. Most kinds of 
electronic equipment require a direct, 
one-way flow of electricity. Two-way 
oscillating currents can easily be con- 


verted into one-way, steady currents 
by rectification. Rectifiers are to be 
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found in all radio sets and television 
sets which work from the alternating 
current of the electricity mains... 

The rectifier circuit can give direct 
current voltages of up to 300 volts, 
with no special additional circuits. 
How is it possible to get 300 volts from 
a 240 volt mains? The answer is that 
240 volts is only an average value for 
the voltage. The voltage has a wave- 


peak mains voltage), a total change of 


like variation. Its effective voltage ig 
240 volts, but the maximum, or peak 


voltage is 336 volts. When the current 


is rectified, the wave-like pulses are 
re-arranged so that they are all in one 
direction. The pulses are smoothed 
out into a steady direct current, and 
its voltage does not drop very much 
below 336 volts. 

X-ray equipment, radio and tele- 
vision transmitters, and electrical test- 
ing equipment may all need a higher 
voltage than 300 volts. They use 
voltage doubling and trebling circuits, 
which re-arrange the mains supply 
so that its effective voltage is increased. 


Doubling the Voltage 


The doubling principle is simple. 
The red (line) lead of an alternating, 
240 volts supply is alternately more 
positive and then more negative than 
the black (neutral) lead. In fact, the 
voltage of the red wire changes from 
plus 336 volts to minus 336 volts (the 


672 volts. So it is possible to get a 
voltage difference of twice the peak 
mains voltage by reorganising the 
wiring of the circuit, and sacrificing 
the to-and-fro nature of the supply. 
The doubling is done at the same 
time as the rectification. There are two 
basic forms of doubling circuit. In 
one of them, the Latour doubler, the 
240 volt alternating voltage is con- 
nected into the middle of the circuit. 
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CIRCUIT 
DIAGRAM 


STAGE | 


The Schenkel Doubler. 

A rectifier allows electrons to flow 
in only one direction through it. 
Electrons always flow to a more posi- 
tive part of the circuit. 


Diagram of the 
generator. The 
accelerator is 

partially hidden 
behind it. 
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DOUBLE 


ELECTRON 
FLOW VOLTAGE 


OUTPUT 


The half of the circuit to the left deals 
with the one half of the pulse, while 
the right half deals with the other half 
of the current. Across a capacitor on 
the left is developed a voltage differ- 
ence equal to the peak mains voltage. 
An identical voltage is developed 
across a capacitor on the right. While 
charge is building up on one capacitor, 
charge already on the other is pre- 
vented from flowing away by the 
rectifier. The charge remains, so the 
voltage difference between the 
capacitor plates hardly changes at all. 
Across the whole doubling circuit, the 
voltage is double the mains voltage, 


because the voltages are added 
directly. 
Trebling the Voltage 


To get treble the voltage, an addi- 
tional mains voltage is added to the 
doubled voltage. But a different form 
of voltage doubler is needed, the 
Schenkel doubler. The first capacitor 
charges up to the peak mains voltage. 
It is connected, through a pair of 
rectifiers, to a second capacitor, setting 
the voltage of one of the plates of the 
second capacitor so that the capacitor 
gets the full voltage swing of 672 volts 
(twice the peak voltage). 

This is a doubled voltage. To turn 
it into a trebled voltage, the 672 volts 
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are passed on, through another recti- 
fier, to another capacitor. In this way, 
the voltage difference between its 
plates can be added directly to the 
voltage difference between the plates 
of the first capacitor in the series. 

On the same principle, it is possible 
to go on adding and adding to the 
rectified voltages, using the doubled 
voltage across one capacitor to pro- 
duce a doubled voltage across the 
next capacitor. An additional capaci- 
tor and rectifier turn. the trebler into 
a quadrupler and so on. 
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EAT is an accumulation of partly 
decayed plant material. It tends 
to form wherever waterlogging or 
acidity slows down bacterial decay. 
Peat is first stage in the formation o| 
coal. However, it would take millions 
of vears under the pressure of overlying 
f\rock to turn into coal. In many regions 
} peat is cut and used as fuel. It is not 
f very efficient however. 

Large tracts of Ireland, Northern 
Britain and Northern Europe are 
covered by blanket bog. Rainfall ex- 
ceeds evaporation and the peat tends 
to blanket all level ground and shallow 
slopes hence the name ‘blanket-bog’. 
Bogs also occur locally where drainage 
is hindered and acidic soil water 
collects. If the soil water is alkaline 
and contains plenty of minerals. a 


erisled moan earlier 


The trees 
period. 
¥, fen usually develops. 
V Fen vegetation consists mainly of 
** reeds and sedges. The peat formed in 
if ¢ a fen is usually black and fairly well 


: #« decayed: the alkaline conditions allow 


* bacteria to act on the dead plants. 
Y=Bog peat, however, is brown and 
individual plant fragments are often 
visible. The acid surroundings prevent 
bacterial action. The major con- 
stituents of bog peat are the bog- 
mosses (Sphagnum species) together 
with several grasses and sedges. 
Heathers frequently grow on estab- 
lished bogs. Insect-eating plants such 
as sundews are common. They supple- 
_ ment the meagre nitrogen supply on 
the bog by capturing insects. 
_  Bog-mosses are interesting because 
they are able to alter their surround- 
ing§ to suit themselves. The cell-walls, 
yin the dead plant, are able to 


BOG ASPHODEL 


druer 


Lroswn of a blanket bog. It may be started by a slip or by destruction of the living moss al 
the surface. The tree stumps indicate an earlier drier climate. The history of the bog is 


reconstructed below. 


Ay the climate grew wetter, bog moss began 
to grow. Young trees did not grow to 
replace fallen ones. 


adsorb metallic ions (e.g. calcium) 
from the surrounding water and re- 
lease hydrogen ions to take their place. 
This makes the surroundings acidic. 
so that the moss grows more rapidly. 
Decay slows down and peat begins to 
build up. However, if there are too 
many metallic ions in the original 
surroundings the moss becomes 
saturated with them and cannot grow. 
It grows best where there are few 
mineral salts in solution. 

Sphagnum grows at the tips of the 
shoots. These die off lower down and 
become compressed into peat. There 
is thus always a living carpet on the 
bog surface. The leaves contain many 
large empty cells and these hold water 
rather like a sponge. This is true of 
the dead parts, too, and so a peat 
bog carries its own water supply which 
can be drawn upon by the living moss 


Blanket bog covered the region until it 
began to break up. 


at the surface. Walking on a bog 
causes the whole surface to tremble 
and usually brings water to the surface. 

Several species of Sphagnum grow on 
the bog. The early ones are often 
those that can stand more alkaline 
conditions. Gradually, as they create 
acidic conditions, they give way to 
those less tolerant of alkaline condi- 
tions. Sphagnum species also vary in 
their liking for water. The surface 
of a bog is rarely flat but covered in 
mounds and hollows. In the hollows 
there is usually water and water-loving 
Sphagnum species. Gradually the hol- 
low 1s filled with peat and other species 
take over, forming mounds. The 
higher the mounds get, the drier they 
become and eventually heather grows 
on the top. Peat formation is slow then 
but in the new hollows it is more rapid 
and the cycle starts again. The alterna- 


Many raised bogs are found in regions of basic rocks. The section shows how, when fen peat had built up to above the water level, Sphagnum 
moss colonized the surface and formed a bog. Fen plants (reeds) still grow at the edges where the water is alkaline. The section of a blanket- 
bog (right) shows that the peat rests directly on the soil or rock. 
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Sphagnum or bog moss. The base of the 
plant dies off as the tip grows up. Therefore 
there is always a living carpet on top of 
the peat. The large open cells of the leaves 
hold lots of water. 


tion of mound and hollow can be 
clearly seen on present bog surfaces. 
Sections through the peat also show 
the alternation. Each type of plant 
produces a different type of peat and 
they can be seen following one upon 
the other. This mound complex is 
B seen on blanket bog but is even more 
characteristic of raised bog. 

Raised bog develops frequently on 
of fen peat. As the latter builds 
and the soil water loses its influence, 
phagnum can colonise the surface and 
GBF it into acid bog. Raised bogs are 
typically domed in the centre; here, 
he effect of alkaline ground water is 
st and growth is greatest. 

As the peat increases in thickness, 
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CROSS-LEAVED HEATH 


grazing have destroyed the Sphagnum 
of many upland bogs in Britain and 
the peat is now covered by heather 
and cotton grass. In this condition it 
is more of a moor than a peat bog. 

The history of a bog can be dis- 
covered by boring down through the 
peat. If the bog started off as a fen, the 
borer will bring up samples of fen 
peat and probably lake mud with 
mollusc shells. Boring through blanket 
bog will probably show that the peat 
rests directly on mineral soil. 

The lack of decomposition in peat 
bogs means that many things are pre- 
served. Pollen grains are very im- 
portant in the study of bogs. The 
grains remain intact and it is possible 
to determine the type of plant from 
which they came. If, at a particular 
level, the grains are mainly alder and 
oak, it can be assumed that the 
climate was wet and bogs were forming 
rapidly. Archaeological remains also 
help to date the peat deposits and 
carbon-14 dating is providing an 
estimate of the actual age of bog peat. 

Although raised bogs are fairly 
stable and there may be many feet of 
peat, blanket bogs do not go on grow- 


ing indefinitely, especially when they 
are on a slope. When they reach a 
certain thickness (depending on the 
slope and the type of peat) they tend 
to slip. Gullies form and water runs 
down, washing the peat with it. This 
type of erosion is common now in the 
Pennines, especially where grazing 
and human influence has destroyed 
the living moss cover. Bog-bursts occur 
sometimes when whole slopes of peat 
move down the hill-side. They have 
been known to overwhelm whole 
farms. 


Sphagnum growing on a raised bog. 
Several species are tinged with red. The 
blade-like leaves are of cotton grass. 


Diagram to show how a hollow becomes a mound and vice-versa during the growth of a bog. 
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ORGANIC CHEMISTRY 


THE PHENOLS (4 


JN the early days of medicine, there 
had been no widespread attempts 
at keeping wounds and open sores 
clean and free from germs. Instead, 
they were left covered with bacteria 
which multiplied and multiplied. The 
wounds soon started to fester and go 
nasty. Very often death would result 
from a fairly minor wound because no 
attempts had been made at keeping 
wounds properly clean. 
An antiseptic was needed to kill off 
the bacteria so that the wound could 
heal unhindered. Phenol, better known 


ALCOHOL 


Phenols and alcohols both contain hydroxyl 
(OH) groups. In an alcohol, this group is 
attached to a carbon chain and in a phenol, 
to a benzene ring. 


as carbolic acid or carbolic, was one 
of the first antiseptics to be used on 
the battlefields of World War I. In 
1865 Lister used it on a leg operation, 
the first operation performed with an 
antiseptic, although carbolic had been 
used for other purposes long before 
this. When it was put on open wounds 
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Phenol, also known as carbolic f¥s ri < 
acid, is used as a general anti- eee: 
septic. Phenol has a tarry smell. 
It is, in fact, a constituent of 
coal tar. 


and sores, it certainly killed the germs, 
but unfortunately it also killed off 
some of the living tissue. This undid 
all the good work of germ-killing. For 
this reason it was abandoned for use 
on open wounds, but nevertheless it is 
ed in dilute solution as an 
is also put into some 
tiseptic pro- 
easily be recognised. They ve 
tarry smell about them. This is hardly 
surprising, for phenol is a constituent 
of coal tar. 

The chemical formula of phenol is 
C.H;OH. The hydroxyl group (OH) 
is attached directly to the benzene 
ring. Because of this structure, phenol 
has its own chemical properties. Other 
similar compounds will also behave in 
a similar fashion. They, too, take on 
the family name of phenols. The word 
phenol ends in the letters o/. So do 
many other compounds containing 


Extraction of phenol from 
tar 

When tar is heated to 
between 170°C _ and 
230°C carbolic oil comes 
off. The phenols are aci- 
dic and are separated out 
by making them form 
solid salts with alkalis. 


SODIUM PHENATE, 
THE SODIUM SALT, 
COMES OUT OF 
SOLUTION 


(ACID + ALKALI = SALT + WATER) 


— 
hydroxyl groups. Alcohol has the 
same ending and contains a hydroxyl 
group. Pyrogallo/, a phenol, also ends 
in this way. 

For a compound to be a phenol it 


These are both alcohols, not phenols. 


must have at least one hydroxyl group 
attached to at least one benzene ring. 
A compound in which the hydroxyl 
group is attached to a carbon chain (not 
a carbon ring) is not a phenol, but is 
an alcohol. Chemically, it resembles 
ethyl alcohol, the alcohol of whisky. 


CARBON DIOXIDE 
IS BLOWN 
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DRAIN 
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BENZENE 
RING 


BENZENE 
RING 


GRABBING 


The benzene ring confers acidity. By 
grabbing more than its fair share of elec- 
trons from the hydrogen of the hydroxyl 
group, it gains a slight excess of negative 
charge. 


It is still an alcohol even when there 
is a benzene ring present, but the 
hydroxyl group is not attached directly 
to the ring. When the hydroxyl group 
is attached to a carbon chain off-shoot 


PYROGALLOL 


QUINOL 


Pyrogallol and quinol are used in photo- 
graphic developers. 


from the ring, the compound is still 
an alcohol. 


known member of the family. 
Quinol, another phenol (its other 
name is hydroquinone) is well known 
to photographers who use it for 
developing photographs. Quinol hap- 
pens to be a strong reducing agent. 
In the presence of oxygen, the mole- 
cule rapidly re-arranges itself, and 
loses two hydrogen atoms which form 
water with the oxygen. Its reducing 


Some of the hydrogen becomes free ‘Yo 


wander round the solution as ions. The ex- 


cess of hydrogen tons makes the solution 
acidic. 

properties make it useful as a developer. 
When a photograph is taken, light 
falls on the sensitive film for a very 
brief period of time. Where the light 
has fallen, the film is affected. Odd 
molecules of silver salts on the camera 
film are split up by the light. When a 
molecule is split, a tiny black particle 
of silver is deposited, but not enough 
molecules are split to form a visible 
pattern. Quinol will attack the mole- 
cules that have been affected by light 
and reduce them to black particles of 
silver. The pattern slowly becomes 
visible. The quinol is not a strong 
enough reducing agent to quickly 


Quinol consists of a benzene ring 
with two hydroxyl groups at opposite 
ends of the ring. There are two other 
possible positions for the hydroxyl 
groups, and therefore two other 
phenols, made up of the same number 
of each type of atom. 

In the same way, there are three 
phenols made of one benzene ring and 
three hydroxyl groups. Pyrogallol is 
the best known. This is largely because 
of its reducing properties. It is so eager 
to be oxidized itself that it will reduce 
something else or absorb oxygen from 
the air to do so. It is a very handy 
chemical to use in experiments where 
an oxygen-free space is required. Like 
quinol, pyrogallol is also used as a 
photographic developer. The other 
two trihydric phenols (three hydroxyl 
groups per molecule) are not of much 


: mportance. 


ACID + ALKALI —- 


So phenols act as antiseptics and as 
reducing agents. They are also im- 
portant starting materials for manu- 
facturing dyestuffs. To make an azo 
dye, a diazonium compound and a 
phenol or an amine is needed. The 
phenol will tag on to the diazonium 


Phenol, antiseptic and_ starting split the molecules that have not been compound to form a large coloured 
material for ‘Bakelite’ is the best affected by light. molecule. 
CoH5.C(CHs)2 
CH,.CH = CH, 


PROPYLENE 


BENZENE 


Cumene Process 


CUMENE 


There is not sufficient phenol in coal tar to supply all the World’s needs. Most phenol is 
now made from benzene and propylene. These two substances combine in the presence of 
aluminium chloride to form a compound, cumene, which reacts with air and is split up by 


sulphuric acid to form phenol. 
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PHENOL 
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In a water molecule there is an unfair 
sharing of electrons, because the oxygen 
atom is more greedy than the hydrogen 
atoms. This leaves the oxygen atom slightly 
negatwely charged and the hydrogen atoms 
slightly positively charged. 

oe STEACING 


HYDROGEN’S SHARE 
OF ELECTRONS 
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Snowflakes and the 


AL first glance, falling snowflakes 
look like fluffy pieces of cotton 
wool. But this is deceptive. Under 
a microscope the fibres in the cotton 
wool are tangled in a muddled mass, 
but each snowflake has a definite form 
of its own like a crystalline spider’s 
web. Spines of frozen water fan out 
from the centre and sometimes more 
icy spines bridge those that radiate 
outwards. The snowflakes are very 
light and airy because there are lots 
of air spaces in this sort of structure. 
The beautiful crystalline forms of 
snowflakes are brought about by 
hydrogen bonding. The frozen water of 
the snowflake is made up of hydrogen 
and oxygen in chemical combination 
two atoms of hydrogen and one of 
oxygen in each small unit or molecule. 
Water is a covalent compound formed by 
the sharing of an electron. The two 
atoms of hydrogen both have one 
electron in their single electron shell. 
To be chemically stable they must 
have two in this shell. So each borrows 
an electron from the oxygen which it 


shares with the oxygen atom. The 
oxygen atom itself is two electrons 
short in its outer shell so it borrows 
and shares one from each hydrogen 
atom in the same way. 

With this sort of sharing, it would 
seem reasonable that the H,O mole- 
cule would be electrically neutral all 
over. In fact, this is not so, for the 
sharing is not an even sharing. ‘The 
oxygen is greedy and grabs slightly 


eo. yarogen Bond 


more than its fair share from the 
hydrogen. Consequently, the oxygen 
atom, where the electrons tend to 
concentrate, is slightly negatively 
charged. The hydrogen atoms, the 
two arms of the molecule which stick 
out from the oxygen atom at an angle 
of 105° to each other, have a slight 
electron shortage. This gives them a 
slight positive charge. 

Water, then, has a polar molecule. It 
has electrically charged poles. The 
oxygen end is negatively charged and 
the hydrogen ends are _ positively 
charged. Because of this there is 
attraction between water molecules. 
Positive and negative attract. A 
hydrogen of one molecule becomes 
loosely joined to an oxygen of another. 
This loose joining is known as hydrogen 


bonding. 
In snowflakes water molecules have 
frozen in a crystalline pattern with 


each oxygen atom firmly attached by 
covalent bonds to two hydrogen 
atoms and loosely attached by hydro- 
gen bonding to two more. Because the 
atoms line up like this the snowflake 
has a definite crystalline shape. 

But hydrogen bonding does much 
more than provide pretty snowflakes 
to look at. By rights, water with 
its light-weight molecule, molecular 
weight 18, should be a gas. Many 
compounds with much larger molecu- 
lar weights are gases. It is only 
hydrogen bonding between the mole- 
cules which makes water a_ liquid. 
The Earth would be uninhabitable 
without hydrogen bonding to make 
its water liquid. Without these ties the 


Fluorine will also take part in hydrogen 


bonding — bonding in hydrogen fluori- 
de. 
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individual water molecules would just 
fly off into the atmosphere as gases. 

In snowflakes and ice the hydrogen 
bonds dictate a rigid, but not very 
tightly packed pattern. As ice melts, 
the structure gradually breaks down. 
Some H,O groups start to wander 
round on their own. To do this, the 
molecules move in a little. Because 
the packing is tighter, the density 
rises. The rise in density of ice when 
it melts is explained by the breakdown 
of some of the hydrogen bonds. But 
most of the water molecules. still 
remain bonded together. The hydro- 
gen bonding is only completely shat- 
tered when the individual H,O 
molecules are finally driven off. as 
steam. 

Hydrogen bonding also explains 
why some non-ionic compounds like 
alcohol and ammonia dissolve in 
water. Ethyl alcohol does not ionize; 
nor does the gas, ammonia. Neither 
would be expected to dissolve in 
water, but, in fact, both are fairly 
soluble. The molecules of alcohol and 
ammonia are held in the water by 
hydrogen bonding. The oxygen atom 
of the alcohol is loosely bound to the 
hydrogen atoms of the water mole- 
cules. The nitrogen of ammonia is 
bound in just the same way. 

Naturally, hydrogen must always 
take part in a hydrogen bond. But 
the other element taking part in the 
bonding can be any element that is 
greedy for electrons and grabs more 
than its fair share when electrons are 
shared. As oxygen, nitrogen and 
fluorine all do this, oxygen, nitrogen 
and fluorine compounds can all take 
part in hydrogen bonding. The mole- 
cules of hydrogen fluoride are loosely 
linked in chains by hydrogen bonding. 
The hydrogen of one molecule links 
with the fluorine of another and so on. 

Hydrogen bonding is by no means 
confined to inorganic compounds. 
Nitrogen, oxygen and _ fluorine- 
containing organic compounds can 
equally well take part in hydrogen 
bonding. Molecules of the amide 
family (R.CO.NH2. R represents a 
carbon chain) tend to bind together 
in chains, a hydrogen atom of one 
attached to an oxygen atom of the 
next. The amides with small molecules 
would be expected to be gases but 


because of hydrogen bonding they 
are liquids like water. 

Fatty acids have high boiling points 
because of hydrogen bonding. When 
acetic acid dissolves in benzene, many 
of its molecules are hydrogen-bonded 


Hydrogen bonding dictates the structure 
of ice. The positive charges on hydrogen 
atoms are attracted to the negative 
charges of the oxygen atoms. There is a 
shrinkage when ice melts because the 
openwork molecular structure brought 
about by hydrogen bonding tends to 
collapse. The molecules move closer to- 
gether. 
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in pairs. Tests for molecular weight 
show this. Benzene has a certain 
freezing point. When something is 
dissolved in it, the freezing point drops. 
The size of the drop depends upon the 
concentration of the impurity and its 
molecular weight. Molecular weights 
found using the depression of the 
freezing point of benzene give high 
results, showing that some of the 
molecules have joined in groups. 

Results like this indicate the possi- 
bility of hydrogen bonding, but 
hydrogen bonds are better detected by 
infra-red absorption spectra. Certain mis- 
sing bands in the spectrum indicate 
hydrogen bonding. 


ACETAMIDE IS A SOLID BECAUSE OF HYDROGEN BONDING BETWEEN 
THE MOLECULES. 
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Hydrogen bonding can also take place when the oxygen and hydrogen atoms are part of 
much larger molecules. The amides have high melting points because of hydrogen 
bonding. Compounds which should be gases turn out to be solids with high boiling points. 
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PHYSIOLOGY 


VOICE AND SPEECH 


GREAT many animals, especially 
birds and mammals, can produce 
sounds but only Man is capable of 
real speech. Only Man has sufficient 
control over his voice to produce the 
wide range of sounds necessary for 
speech. Each sound or collection of 
sounds (word) is used as a symbol. 
Languages developed as Man evolved 
sufficient symbols to be able to put 
over more and more complicated 
ideas to other individuals. 

The voice is produced in the larynx, 
or voice-box, which is a special part 
of the wind-pipe in the throat. Around 
the larynx there are various cartilages 
—the large one at the front (thyroid 
cartilage) forms the Adam’s Apple. 
Inside the voice box are two sheets of 
tissue called the vocal cords. These are 
responsible for the actual sound pro- 
duction. 

During normal breathing the vocal 
cords are relaxed and there is a 
triangular opening between them. 
During speech the cords are tightened 
by their muscles and as air is forced 
up from the lungs the cords vibrate. 


The opening between the cords opens 
and closes rapidly and sets the air 
vibrating with a fundamental fre- 
quency corresponding to the rate of 
vibration of the cords. This funda- 
mental frequency determines the pitch 


1600 


of the note. There are also many 
overtones or harmonics produced. These 
are of less intensity than the funda- 
mental note but of higher pitch. They 
give the note quality. A pure note, 
without overtones, sounds tinny. 
Notes of different fundamental 
pitch are produced by changing the 
position and tension of the vocal 
cords. The volume of sound is con- 


Ea" VOCAL CORDS 
» RELAXED 


HIGH NOTE © 
IS PRODUCED 


trolled by the pressure of the air 
pushed through the voice box by 
the lungs. 

A man’s voice is deeper than that 
of a woman or child. This is because 
during adolescence the larynx en- 
larges — the Adam’s Apple gets bigger 
—and the vocal cords grow. Just as a 
double-bass produces a lower note 
than a violin, so the vocal cords of a 
man produce a lower note than the 
shorter cords of a woman or child. 

All mammals have this basic ar- 


FUNDAMENTAL WAVE 


A pure note. The number of vibrations or 
waves per second determines the pitch. 
Overtones have frequencies that are 


simple multiples of the fundamental fre- 
quency. 


FIRST HARMONIC OF TWICE 
THE FREQUENCY 


So 


e mouth and nasal region. (Left) Views 
the vocal cords from above. 


rangement for making sounds _al- 
though the size of the cords varies a 
great deal. The sound is produced in 
the voice box but its quality is deter- 
mined by the mouth and nasal region 
of the breathing tract. These regions 
are cavities in which some of the 
overtones are lost, while others are 
emphasized. Man has fine control 
over his facial muscles and, just by 
changing the shape of the mouth, he 
can produce a very different sound. 
This is called articulation. The sound 
‘oo’ is altered to ‘ee’ simply by altering 
the shape of the mouth. The vocal 
cords are still vibrating at the same 
frequency but a different set of over- 
tones is being emphasized and _ the 
quality is therefore changed. Other 
animals have not this fine control and 
their voices lack the variety of sounds. 
Parrots and some other birds can 
imitate human sounds, but this is not 
true articulation. 


THIRD HARMONIC WITH FOUR TIMES THE 
FUNDAMENTAL FREQUENCY 


Overtones add quality to the note. The 
quality of the note depends on the num- 
ber and strength of the overtones. The 
various overtones modify the fundamental 
wave so that it looks like the one below. 
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SATURN’S RINGS 


GATURN has nine known moons. At 
one time it may have had ten 
moons, but the innermost moon broke 
into fragments, and now forms the 
system of rings around the planet. The 
nearest of the remaining moons, 
Mimas, is only 115,000 miles from the 
planet’s centre. The distance between 
this moon and Saturn is less than the 
distance between the Earth and its 
own Moon (our moon is 239,000 miles 
away from Earth). But Saturn is much 
more massive than the Earth. Con- 
sequently, it exerts a bigger gravi- 
tational force, which pulls strongly on 
the surface of its moons. The tides on 
Earth are caused by a similar gravita- 
tional pull. The pull of our Moon lifts 
the water level on Earth each day. 
The gravitational pull would be 
even greater on a moon. nearer 
Saturn’s surface. Ifa moon had formed 
there, it could not have remained 


stable for very long. It broke up into 
myriads of tiny fragments, which 
spread out to form the rings of Saturn. 
Relatively tiny fragments, probably 
much less than a mile across, can exist 
where the much larger moon was un- 
stable. The fragments now occupy a 
ring system circling Saturn, 40,000 
miles wide but only 10 miles thick. 

Saturn is surrounded by a definite 
‘danger zone’ in which large moons 
would be liable to break up. All the 
rings lie inside the danger zone, and 
all the moons lie outside it. 

The bright section of the ring system 
is in three parts: the outer ring, the inner 
ring and the crépe ring, lying inside the 
inner ring. The brightness of the rings 
is probably caused by a covering of 
hoar frost. This makes them efficient 
reflectors of light from the Sun. 

In the spaces dividing the rings, 
there are no fragments at all. The 


Saturn has a distinct bulge at the Equator. 
Pale belts run parallel to the Equator. The 
rings orbit the planet like individual moons. 
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Above: The rings may be the remains 
of a moon which strayed into the 
‘danger-zone’. Gravitational forces 
tugged at the surface of the moon until 
it broke up. Below: The pieces spread 
themselves out to form the rings. 
Divisions were swept clear by the 
moons. 


a 
MIMAS 


CASSINI 
DIVISION 


The two outer rings are bright, 

but the crépe ring is semi- 
transparent. The ‘periods’ of 

all the divisions are simple 
fractions of the period of one 
a or more of Saturn’s nine 


CROSS-SECTION 5 ae, : 
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DIAMETER 75,100 MILES o 
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Saturn takes 293 years to complete one 
orbit of the Sun. Its appearance changes 
over the years, as the rings are seen at 
different angles. 


MIMAS 


‘ DIONE 
DIAMETER — 300 MILES DIAMETER - 7 
115,400 MILES DIAMETER - 700 MILES 


FROM SATURN FROM SATURN 
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ENCELADUS TETHYS 
DIAMETER — 300 MILES DIAMETER - 700 MILES 
148,000 MILES 183,000 MILES 


FROM SATURN FROM SATURN 


Cassini division separates the inner ring 
from the outer ring. It is about 3,000 
miles wide. This region has been swept 
clean of fragments by the gravitational 
attraction of the moons, especially by 
Mimas. The matter orbiting Saturn 
goes regularly around the planet. It 
has a fixed period, the time it takes to 
complete one orbit. (Our Moon’s 
period is one month). If there were any 
fragments in the Cassini division, then 
it works out that their period would be 
exactly half the period of Mimas. 
Mimas has attracted each portion of 
the division at regular intervals and by 
doing so, it has managed to pull all the 
fragments away from the division. 

Two of Saturn’s other moons have 
helped to form the Cassini division, 
because their periods are simple 
multiples of the period of the Cassini 
division. The period of Enceladus, an- 
other moon, is three times the period 
of the Cassini division. Tethys, a more 
remote moon, has four times the period 
of Cassini division. 

It is no accident that the boundary 
between the inner ring and the crépe 
has a period one third that of Mimas. 
The gap between the rings has been 
formed there because the periods of 
ring and moon are simply related. 

Each particle in the rings keeps to 
its own orbit around the planet. The 
period of the particle increases with 
distance away from the planet, so the 
particles in the inner rings orbit 
Saturn more quickly than particles in 
the outer ring. This has been con- 
firmed by examining light reflected by 
the rings. The change in the wave- 
length of light (the Déppler shift), a 
result of the movement of the rings 
towards and away from the observer, 
shows that different parts of the ring 
system are rotating at different speeds. 

The brightest of the rings is the 
inner ring. The rings cast shadows in 


RHEA HYPERION 
DIAMETER — 1,000 MILES 
328,000 MILES 

FROM SATURN 


DIAMETER — 250 MILES 
922,000 MILES 
FROM SATURN 


ls Saturn a solid planet? 


The surface of Saturn is almost cer-- 
tainly covered by swirling clouds of 
methane and ammonia, and its com- 
position is similar to that of the 
neighbouring planet, Jupiter. But 
Saturn is farther away from the Sun 
than Jupiter, and it must be even 
colder. The clouds contain a smaller 
proportion of ammonia than on Jupiter, 
because more of it has frozen solid in 
the intense cold. 

Underneath the cloud, it is so cold 
that there is bound to be some form of 
solid. This could be ‘rocky’, or it could 
be frozen hydrogen, compressed by 
pressures within the planet. 

The composition of Saturn’s atmos- 
phere is found by examining the spec- 
trum of light reflected by the visible 
part of the planet. But there is no way 
of finding the composition of the inner 
regions of the planet. However, the 
mass and the dimensions of the planet 
as a whole can be measured, and from 
this the density of the planet can be 
calculated. Saturn is the only planet 
which could float in water. Its density 
is very low indeed — being only 13% 
the density of. the Earth —and_ its 
density is certainly lower than the 
density of any other planet. To account 
for this low density, at least half the 
planet must be made up of hydrogen 
(the lightest element). 

Well-marked belts in. the atmos- 
phere run along the lines of latitude. 
But they are not so prominent as the 
belts of Jupiter. White spots appear on 
the surface from time to time — there 
are no stationary markings on the 
planet because the part of it which is 
visible is made up of cloud, and not 
attached to the surface. 

Because the outer part of the planet 
is not solid, the rotation of Saturn on its 
axis has caused a large bulge at the 
Equator. Saturn spins round once every 
10 hours 38 minutes. 


the sunlight striking the planet. The 
inner ring casts a sharp shadow, be- 
cause it is opaque, and because it con- 
tains the most matter. Some lght 
filters through the outer rings, showing 
that the fragments of matter are not so 
densely packed. The crépe ring is semi- 
transparent. 


THE MOONS OF SATURN 


THE SEVEN NEAREST 
MOONS ORBIT SATURN 
IN ROUGHLY THE SAME 
PLANE AS THE RINGS 


< 
. PHOEBE 
DIAMETER - 400 MILES 
ALL THE MOONS EXCEPT 8,050, “MILES 
PHOEBE ORBIT SATURN > 2M SATUR 
IN THE SAME DIRECTION. ss Saxreha ad 


PHOEBE MAY BE A 
CAPTURED ASTEROID 


Polar Regions 


OLAR regions occupy the extremities of the Earth’s 
surface, the Arctic to the north and to the south the 
Antarctic. Because the Earth spins about the Sun with its 
axis tilted at 234° to the vertical, the boundaries of the 
polar regions experience a day in mid-summer when the 
Sun never sets, and a day in the depths of winter when it 
never rises. (These boundaries are the Arctic and Antarctic 
Circles and they occupy latitudes of 664° north and south of 
the Equator respectively). Towards the poles, winter 
darkness increases while the summer becomes corres- 
pondingly lighter. At the poles themselves, the 6-month 
winter passes completely without sight of the Sun while 
during the 6-month summer the Sun is permanently above 
the horizon. 


THICK FUR GIVES PROTECTION AGAINST 
HE COLD 


GREAT HORNS FEND 
OFF WOLVES 


Polar winters, devoid of sunlight are intensely cold. ey "3 TARGE HOOPS"ARE USEFUL FOR WALKING 
Temperatures of — 127°F (—88°C) in the Antarctic, and henge = 1 stiied dail 
Musk-oxen are not true oxen but members of the sheep family. They 


— 58°F (—50°C) in the Arctic, have been recorded. Even 
in summer the thermometers may often remain below 
freezing point, for though the Sun is perpetually shining, rays strike the Earth’s atmosphere at an oblique angle and 
-- — much of the warmth never penetrates to the ground. Also, 
where the surface is covered with white ice or snow, up to 
DECEMBER 90% of the heat is reflected. 

The fundamental difference between the Antarctic and 
Arctic regions is that whereas Antarctica is a true continent 
(14 times the size of Australia), the Arctic consists mostly of 
sea with land made up of northern extremities of Europe, 
Asia and North America. Because of this,.the Antarctic is 
“~ — <— E—tARTH'S ORBIT by far the colder, for land is a poor heat conserver. The 


are well adapted to survive the arctic cold. 
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Left, Summer solstice in June —all areas inside the Arctic 
Circle receive 24 hours of sunlight while the Antarctic is in | 
darkness. Right, Winter solstice in December — the situation | 
is reversed. Below, the Sun’s rays in polar regions penetrate a 
greater thickness of atmosphere than at the Equator. 


SUN'S RAYS 


In summer, go species of plant turn the arctie 
colourful landscape. The pools of water are forme 
Left, the winter scene — the ground is encrusted with ice, the soil 


is frozen hard. , 
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THICKNESS OF ATMOSPHERE EXAGGERATED 


Lemmings are hunted by many arctic flesh- 
eaters. Here, the Snowy Owl — a wandering 
bird by no means confined to the tundra — 
has found a meal. 


great expanse of water in the Arctic 
absorbs much heat in the summer and 
moderates the extremes of winter cold. 
Life in the Arctic 

Though the Arctic Circle is fixed at 
665° north, biologists make use of an- 
other, more northern arctic boundary 
— the line beyond which no trees will 
grow. Between this so-called tree-line 


Land and sea inside the Arctic Circle. Only 
parts of Greenland are permanently covered 
in ice. 
and the shores of the Arctic Ocean are 
5 million square miles of land. Most o 
it is low and flat — the tundra. 
Tundra is frozen and bare for most of 
the year but during a brief summer 
interlude, a little of the frost thaws, 
loosening surface layers of soil. But at 
deeper levels the soil remains frozen 
and drainage is impossible. The melted 
ice is consequently trapped in shallow 
lakes and pools. For plant life this is 
just as well, for the tundra has a desert 
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climate; only the equivalent of about 8 
inches of rain falls a year. 

The most successful and tenacious 
polar plants are the lichens. Lichens are 
part-fungi, part algae. In the tundra 
they encrust bare rock surfaces even 
where the rocks are exposed to the 
wind. Near the tree-line the so-called 
‘reindeer-moss’, in fact a lichen, is 
several inches tall and provides grazing 
for reindeer in the cold winter. 

Stunted alders, birches and willows 
grow only a few feet high in the harsh 
climate but they may live for hundreds 
of years. In the summer, mosses are 
particularly abundant in marshy 
places while the grass-like arctic cotton 
and the numerous flowering herbs 
cover the damp, level ground. 

With summer, animal life also re- 
turns. Insects are soon about and 
lemmings, (mouse-like rodents), 
shrews and voles appear from burrows 
under the snow where they have passed 
the winter; during the warm months 
they collect enough food to provide 
them for another cold season. Mar- 


PTARMIGAN IN WINTER PLUMAG 


mots, ground-squirrels and barren- 
ground grizzly bears come out of 
hibernation, their body temperatures 
returning from near-freezing point to 
normal. 

Ducks, geese, plovers, cranes and 
numerous other birds fly up from the 
south. Ptarmigan (arctic grouse) 
which pass the winter in sheltered 
spots on the tundra build new nests on 
the ground. Herds of reindeer (cari- 
bou) return from the forests and musk 
oxen, which winter on high, wind- 
swept arctic plateaux, come down 
into the lowlands. In search of food 
the flesh-eaters also arrive — on the 


RED FOX 


The ears of the arctic fox are very small and 
reduce the surface area from which heat is 
lost. 


land arctic wolves, weasels and foxes — 
in the air owls, skuas and ravens. 

Polar bears — probably the best 
known arctic animals - wander over 
the pack-ice the frozen Arctic 
Ocean. They mainly feed on seals. 
Their paws are rough for gripping the 
ice and a buoyant layer of fat helps 
keep them afloat when swimming. 
Life in the Antarctic 

Only about 3,000 square miles of 
the Antarctic continent’s 54 million 
square miles remains free from ice. 
Most of this is concentrated in narrow 


The white coats of Ptarmigans and other 
animals of the tundra, change colour during 
the summer. The creatures are camouflaged 
all the year round. 


PTARMIGAN IN SUMMER PLUMAGE 


Living in the Cold 


The creatures best adapted to the in- 
tensely cold polar climates are the warm- 
blooded birds and mammals. Excessive loss of 
heat to the cold world outside is prevented 
by thick fur, feathers or layers of fat and oil. 

Some warm-blooded creatures can con- 
serve heat by keeping the extremities of 
their bodies as much as 50°F below the 
normal temperature of their bodies. For 
example, the legs of reindeers, huskies, and 
many birds, and the flippers of seals operate 
quite effectively at low temperatures. The 
arteries carrying warm blood to the limbs 
intermingle with veins returning cooled 
blood and consequently heat from the warm 
blood is transferred and saved. 

The body temperatures of cold-blooded 
creatures c ey follow the outside climatic 
temperature. The severe cold of polar 
winters would kill them or reduce them toa 
sluggish, inactive state. A few insects — 
parasites — manage to survive amidst the fur 
or feathers of warm-blooded polar creatures. 
Other insects, together with protozoans, 
rotifers and numerous other simple crea- 
tures, survive cold spells by suspending their 
living activities—they appear to die. But 
with warmer conditions, they come to life 
again. This curious state, so closely resemb- 
ling death, is called the anabiotic state. 

Polar plants must be hardy for they have 
to survive long periods of inactivity during 
the cold winters. They are generally all 
small, growing in clumps, close to the 
ground. Here they escape icy winds and 
obtain what heat there is from the Earth’s 
surface. In the Arctic, the warmer summers 
give a much greater variety and profusion of 
plants than in the Antarctic, though the 
eight weeks or so when the temperature 
remains above freezing point is a very brief 
opportunity for plants to grow, store food, 
and reproduce. Many no longer flower and 
seed but multiply by sending out runners and 
stolons. One advantage of polar summers is 
that light is plentiful and plants can photo- 
synthesize throughout the day and much of 
the night. 


from bird excreta carried in the wind 
as dust. 

Small, simple algae which grow on 
damp, sheltered rock surfaces are 
found in great abundance. They may 
also be seen growing on the soft snow, 
tinging the white surface with greens 
and pinks. They may even survive in 
the ice of frozen pools. The three 
flowering plants — two grasses and a 
herb —are confined to the slightly 
wetter, warmer Antarctic Peninsula, a 
strip of land which straggles north- 
wards almost to the 60° south latitude. 

Vegetation is too sparse to support 
land mammals and the largest antarc- 
tic land creature is a wingless fly half 
a centimetre in length. In summer it 
clambers about on bare rocks and 
breeds in freshwater pools. (Birds and 
seals seen on the Antarctic continent 


gather food from the sea and are not 
true antarctic land-dwellers). Mites 
and_ spring-tails, depending upon 
mosses and lichens for food, come to 
life in the short summers but are dor- 
mant in the winter. In the pools of 
melted water, the largest animal is a 
freshwater crustacean, about an eighth 
of an inch long. There may also be 
protozoans, rotifers (wheel-animal- 
cules) and other simple creatures. 
During the winter the flocks of 
Emperor penguins have the frozen 
antarctic shorelines to themselves. 
They come, not for feeding, but to 
reproduce. In temperature around 
— 50°F the male penguin incubates the 
single egg laid by the female. The egg is 
supported upon the webbed feet and 
warmth is provided by the thick 
feathers of the lower abdomen. 


The continent of Antarctica is almost completely covered in ice. In places the we may be 
more than a mile thick. The tree line is far to the north, running through the island of 
Tierra del Fuego. The simple animals and plants which permanently reside in the Antarctic 
are nearly all confined to coastal areas. The three flowering plants are found only on the 


Antarctic Peninsula. 
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strips about the coast. Like the Arctic, 
the Antarctic is a desert with only the 
equivalent of few inches of rain a year. 
The summer temperature rarely rises 
above freezing point and fresh water 
pools are not so abundant as in the 
tundra. About 150 species of lichens 
survive, and a few mosses, but there 
are only three flowering plants. 

The hardy lichens can grow on bare 
rock surfaces, even on mountain peaks 
far inland. In a state resembling death 
they can survive long periods of cold 
and drought. Their growing period 
may be just a single day in the year. 
Water is obtained from small quan- 
tities of melted snow and mineral salts 
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Searchlights show that from a large scale 
point of view, light seems to travel in 
straight lines. 
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(2) LIGHT 
DIFFRACTED 3 
THROUGH HOLES 
Coloured diffraction fringes around the 
edges of shadows of objects illuminated by 


a point source of light. 
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- FURTHER THAN 


‘vo* “THIS WAVE HAS TRAVELLED 
AN EXTRA 4 WAVELENGTH 


When the light waves shown above meet at 
a point on a screen, the top two will add 
together, the bottom two will cancel out. 


The DIFFRACTION GRATING 


ig is apparent to anybody that light 

travels in straight lines. The light 
rays from a torch can be beamed in any 
direction, but they cannot be made to 
bend around corners. Sound does not 
behave like this, because it will bend 
around a corner or diffract. An example 
of this is the sound from a band. After 
it has turned a corner, the low note of 
the drums will be heard when the note 
of the flutes has died away. This is 
because the sound ofa flute is of shorter 
wavelength than the beats from a 
drum. 

The same effect occurs with light, 
but, because light is of very short wave- 
length, the effect is hardly noticeable, 
except in special circumstances. If sun- 
light is allowed through a pinhole 
into a darkened room, the shadows of 
objects forming on a screen will not be 
sharp but will be surrounded by tiny 
rainbow-like patterns of light. What is 
the cause of this? It seems that light 
has somehow been diffracted around 
The grating separates the blue light from the 
green light. The lens focuses the green and 


the blue light in different positions on the 
screen. 


corners, and that the various sets of 
different coloured waves of sunlight 
falling on each other have mixed to- 
gether, or interfered to produce this 
coloured diffraction pattern. Inter- 
ference can happen when the crest and 
the trough of two waves come together 
and cancel out to produce a region of 
darkness. Similarly two crests or two 
troughs reinforce each other. 

To examine these patterns it is 
simpler to use a one-colour light like 
that from a sodium lamp. If this is 
placed behind a thin slit, then a series 
of black and yellow bands are formed 
onascreen. The pattern shows a bright 
area in the centre, outside of which is a 
darker region, and then a smaller 


LENS USED 
TO FOCUS 
DIFFRACTED BEA\ 


i THIS DIFFRACTION 
LENS MAKES GRATING 
LIGHT FROM 


bright region. Now if two slits are used, 
the central bright bands are split up 
into a lot of smaller bands of dark and 
light. 

Ata place on the screen, a wave from 
a single slit is arriving. This wave is 
vibrating from crest to trough, all the 
time. Arriving at the same place, is 
another wave exactly like the first, but 
which has taken a different path to get 
there. How will these two wavesnix on 
the screen? Will the effect be bright- 
ness, darkness or a grey shadow ? If the 
difference between the two waves is an 
exact number of wavelengths, then 
the crests and the troughs will always 
coincide, and add together. If it is an 
exact number of half-wavelengths they 
will all cancel out. A crest will cancel 
out with a trough. In the two slit 
pattern, in the bright central band, 
there is brightness, because the waves 
from the two slits have each travelled 
the same distance. Moving out from 
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Diffraction patterns formed on a screen by 
a parallel beam of sodium light passing 
through different numbers of slits. 


the centre, the difference in the 
distances travelled by the two waves 
changes till it equals a_half-wave- 
length. This is a dark band. Going 
further still, the path difference be- 
comes equal to one wavelength which 
gives a bright band and so on. 

With a longer wavelength light it is 
necessary to go further out before the 


How it is possible to rule 30,000 lines 
¥ to the inch? The first good diffraction 
gratings were made in 1882 by the - 
physicist Henry Rowland, who made a 
machine which could, using a diamond 
bit, rule 14,000 lines to the inch on 
glass. The diamond point was moved 
by means of a very fine screw. The parts | 
of the glass which had not been ruled 
let the light through and acted as slits. 
There are still very few machines in the 
) world which can rule a very accurate 
diffraction grating. Nowadays, most 
gratings are made by pouring plastic on 
/-an original ruled one, and making a 
, replica mould grating. The width of a 
/| slit ina grating does not matter, so long , 
as it is fairly small. Reducing the dis- 
tance between the slits has the effect of 


4, spreading the lines further apart. 


' Sometimes lines appear in the 
¥ spectra, for which no explanation can 
, be found, except that they are due to 
’ irregularities in the manufacture of the | 
grating. These are called ‘ghosts’. When | 
| the light is passed through a grating it © 
\ is called a transmission grating. The £ 
, other type of grating is a reflection 
| grating, made by ruling a set of lines on | 
aluminium film on glass. The spaces 
that have not been ruled reflect the 
\ light, and act as illuminated slits. Some / 
| gratings are made concave. They focus 
their own spectra. These are used for — 
ultra-violet light, as glass lenses are © 
, Opaque to ultra-violet light. Gratings ( 
. are very delicate, and must be kept free _ 
from dust. To function properly, they 1 
_ must be used at constant temperature | 
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Diagram showing how the path difference 
between light rays from neighbouring slits 
depends on the diffracting angle. 


difference between the waves is a half- 
wavelength. So red light is diffracted 
more than violet light. 

Moving out further still, there will 
be light and dark bands according to 
whether the path difference is equal to 
a multiple of one wavelength or of a 
half-wavelength. As the number of 
slits is increased, the effect is to make 
the bright bands narrower and 
brighter, but their position on the 
screen remains the same. The more 
slits there are, the narrower the space 
in which all the crests and troughs 
exactly coincide. If light of two wave- 
lengths is used, each diffraction 
pattern will be superimposed on the 
other, just as if the other were not 


Machine which rules 30,000 
lines to the inch on aluminium 
films deposited on glass. It may 
take a number of days to a- 
complish the ruling of a single 
grating, and once the machine is 
started, it must not be stopped. 
The environment during the 
ruling ts carefully controlled. The 
finished reflection grating 1s 
mounted as shown. 


REFLECTION 
GRATING 


The grooves of a record when illuminated 
act as a reflection grating, and show a 
Spectrum. 


there, but the positions of the bright 
bands of each colour will be different. 
So, the grating can be used to separate 
out the different colours of the spec- 
trum, just as a prism does. 

The diffraction grating is just a set of 
very fine slits, up to 30,000 per inch, 
which makes a very fine diffraction 
pattern, or set of spectral lines. The 
advantage of a diffracting grating over 
a prism for forming spectra is that it 
has a greater resolving power (it is better 
at separating light into its constituent 
colours). It is interesting to note that in 
a prism the longer wavelengths are 
deviated less than the short ones. In a 
diffraction grating exactly the opposite 
occurs. 
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| PALAEONTOLOGY | 


THE RULING REPTILES 


HE last dinosaurs or ‘terrible 
lizards’ vanished from the Earth 
more than seventy million years ago. 
But, for about 100 million years they 
had dominated the world. There were 
huge plant-eating forms and _ fierce 
carnivores — Tyrannosaurus had dagger- 
like teeth more than six inches long! 
Together with the flying reptiles and 
a number of others in the seas, the 
dinosaurs certainly merited their title 
‘ruling reptiles’. 

Reptiles are cold-blooded animals 
that originated from amphibians way 
back in coal-measure times about 250 
million years ago. The reptile embryo 
(like that of birds and mammals) is 
enclosed in a sac of liquid (the amnion) 
and this means that the eggs can be 


A marine wchthyosaur. Fossils show that 
some bore live young like the mammals. lizards appeared much later 
descendants of yet another ) 
reptiles. The tuatara of New 
is the only living representative « 
group and is truly a ‘living fossil’. 
Mammals developed from o 
more reptilian groups that 
present during Triassic times. Many of 
the mammal-like reptiles were clumsy — 
animals several feet long but others 
were very small. It was a long time 
before their mammalian descendants 
became important. The Mesozoic Era 
‘he reptiles’ bodies be- _ belonged to the reptiles — especially to 
r their life on land. _ the Archosaurs or ruling reptiles. 
developed and the In late Permian times a group of 
to some extent. reptiles took to walking on their hind 
been found show- legs which became longer than the 
th reptiles and front legs. These animals were the 
rom these fossils _ first archosaurs and their descendants 
that palaeontologists have worked out dominated the next hundred million 
how the reptiles aros years. The crocodile group are the only 
The early reptiles Were generally _ living archosaurs and they, of course, 


as the have given up the habit of walking on 
the back legs and have gone back to 
the water. Birds, too, are descended 
from archosaur ancestors. The flying 
reptiles — Pterodactyls and others — were 
also archosaurs but not closely related 
to the ancestors of the birds. 

The word ‘dinosaur’ usually con- . 
jures up visions of large lumbering — 
atures but, in fact, very many were 
Two distinct groups 


laid on land. 
came adapted 
The scaly ski 
skeleton chang 
Various fossils ha 
ing features of 


Seymouria — one of the primitive reptiles 
with many amphibian characteristics. 


Saurischia 
The early 


species appeared. Some becan 
eaters and some even returned 
sea to give rise later to the ichthyos 
and plesiosaurs. One line evolved in 
the turtles of today which still retain 


some primitive features. Snakes and ards the end of the 


TO TURTLES 
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The Cretaceous scene here is dominated by 
the huge flesh-eating Tyrannosaurus, 
about 15 feet high. Large bipedal dinosaurs 
like this balanced their bodies with huge 
tails. The front legs were often absurdly 
small. Tyrannosaurus fed on the»plant- 
eating Ornithischian dinosaurs like the 


horned Triceratops andthe duck-billed 
Trachodon. Flying. _pterosaurs dominated 


REPTILES the air for ee sad as yet, Sew birds. 


Triassic some very large species ap- 
peared. These culminated in the huge 
Brontosaurus and Diplodocus of the 
Jurassic and the terrible Tyrannosaurus 
of the Cretaceous Period. 
Ornithischia 

These dinosaurs were all plant- 
eaters. They appeared later than the 
Saurischians and never reached such 
enormous proportions. There were 
both two- and four-footed species but, 
as in all dinosaurs, the hind legs re- 
mained the longest. Many were 
heavily armoured (e.g. Stegosaurus and 
Triceratops). One of the best-known is 
the Cretaceous [guanoe 
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The Decline of the Reptiles 
When the reptiles first appeared 
they had no competitors — other than 
themselves — and were able to spread 
and evolve rapidly. For more than 100 
million years they dominated the land, 
sea and air. Then towards the end of 
the Cretaceous Period they began to 
decline and at the end of the period 
(about 70 million years ago) the ruling 
reptiles disappeared altogether. All 
that were left were the ing ce small 
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Y The huge Jurassic Diplodocus, 

about eighty feet long, was a 
plant-eater. Although it weighed 

many tons, its brain was no 

bigger than a hen’s egg! In the 

hip region, however, a secondary 

‘brain’ developed as a swelling of» 
the spinal cord. These large 

dinosaurs probably lived in water 

to support their weight. 


TRIASSIC 


An advanced mafhnal- like reptile of a type 
that later sag rise to the mammals. 


factor. It has even been suggested 
bacteria may have evolved at that 
me and killed off the dinosaurs. 
Whatever may have been the reason, 
they disappeared — leaving the field 
clear for the birds and mammals. 
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[APPLIED SCIENCE | 
Sandpaper 
and Abrasives 


HEN RY FORD once said that without modern abrasives, 
a car priced at 700 dollars would cost more than 
twice as much. 

The bodywork of the car and moving parts of the engine 
all start out as rough pieces of metal. The roughness has to 
be removed and the metal polished smooth. It would be an 
impossibly tedious job to chisel and scrape away all the 
bumps that cause the roughness. The chisel would keep 
going blunt and have to be re-sharpened. While one bump 
was being chiselled off, an unwanted groove would prob- 
ably be ploughed into the metal at the same time il the 
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chisel was not held at the correct angle. 

What is needed is not one large chisel but a lot of little 
ones, really tiny chisels with very sharp edges that are slow 
to become blunt. When all these minute chisels are stuck 
down on one piece of paper or cloth, so that some of the 
sharp cutting edges face forwards and others are pointing 
sideways in every possible direction, this makes an excellent 
smoothing and polishing material. Rubbing with a circular 
motion on the rough surface is almost bound to shave all the 
bumps off the metal because there will be one tiny chisel 
moving in the right direction to remove each bump. 

This is a description of how sandpaper works. The sharp 
edges on the grains of sand have the same action as very 
sharp chisels. Sand is impure quartz, silicon dioxide, SiOg, 
a mineral with a crystalline structure. Crystals of quartz 
have very definite shapes. Whenever a crystal is shattered 
to pieces, it does not just break into rounded lumps, but 
always shatters along certain planes to form small crystals 
with sharp edges. The sharp edges of crystals will not be- 
come blunt very easily, but some types of crystals are, of 
course, harder and sharper than others. 

Sand stuck to paper — sandpaper, was the first abrasive 
to be used in this way. Some sandpaper is made from 
coarse sand. In other sandpapers the sand is much finer. 
The reason is obvious. Rough surfaces with large bumps in 
them need large chisels to remove the bumps — coarse 
sandpaper. This rcmoves the bumps, but it also leaves 
comparatively large score marks, which must later be 
smoothed with finer grain abrasive. Fairly smooth surfaces 
with only small bumps need fine grain sandpaper. Most of 
the paper now known as sandpaper is not really made of 
sand, but just looks like it. Impure aluminium oxide, Al,Os 


A silicon carbide (carborundum) furnace in which coke, sand, 
sawdust and salt are heated electrically to 2200°C and black 
crystals of carborundum form. 
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Silicon carbide paper of different crystal size. There are several ways of measuring the 
coarseness of the abrasive. One is the mesh number system. A mesh number of 10 means that 
the crystals will just pass through a steve with 10 holes per inch along it. 


isacommonly used abrasive nowadays. 

Apart from abrasives with different 
grain size, there are also ones with 
different hardnesses. Hard and soft, 
both have their uses. Only a very 
stupid person would try to clean the 
bath with an abrasive made from in- 
dustrial diamonds. The cost would be 
ridiculously high and the bath would 
be ruined because the hard diamonds 
would scratch and score the relatively 
soft enamel on the bath. A fairly soft 
surface requires a fairly soft abrasive. 
This would make no impression on a 
tough stainless steel where a harder 
abrasive would be needed. An abrasive 
works best when it is just a little harder 
than the substance being rubbed 
smooth. 

Abrasives are graded according to 
grain size and to hardness. The hardness 
is measured in Mohs. Diamond is the 
hardest with a hardness of 10 Mohs. 
Nothing will scratch diamond, but 
diamond will scratch any softer 
mineral. Some of the diamond used 


for abrasives is dug up in diamond 
mines; some is made artificially. 

Next in hardness is an artificially 
made abrasive, boron carbide, with a 
hardness of g:7-9°8 Mohs. As it is 
nearly as hard as diamond, boron 
carbide would seem to make a satis- 
factory substitute for diamond. But un- 
fortunately this is not so. It does not 
have a suitable crystalline structure. 

Silicon carbide (hardness 9: 5—-9°6 
Mohs) does have an excellent crystal 
structure for this. Its sharp, thin 
wedge-like crystals make excellent 
chisels for removing bumps and ridges 
in surfaces. Silicon carbide (also known 
as carborundum), is manufactured by 
placing silica sand, coke, salt and saw- 
dust in an electric furnace where under 
the intense heat the carbide forms as 
gleaming black crystals. 

The crystals are so sharp that very 
little pressure is needed on ‘sand- 
paper’ made from silicon carbide. For 
this reason, silicon carbide paper is 
excellent for smoothing objects by 
hand. It is not much use for machine 
sanding because when pressure is put 
on the paper, the crystals cease to cut. 
Instead they shatter and break under 
the strain. This sort of abrasive is best 
used for hand sanding leather, glass, 
plastics and painted surfaces. 

The light grey-brown coloured 
abrasive paper that is often mistaken 
for sandpaper is really made from 


corundum, aluminium oxide. It is the 
next abrasive in terms of hardness and 
is manufactured by melting bauxite, 
an ore of aluminium, with coke and 
iron in an electric furnace. Although it 
is not as hard as silicon carbide, its 
thicker wedges of crystals have more 
strength and will stand up to pressure. 
Aluminium oxide paper is used for 
machine sanding woods and polishing 
steel. 

Filing fingernails is a very different 
proposition from polishing stainless 
steel. Fingernails are much softer, so 
obviously the abrasive must be much 
softer too. The emery used on emery 
boards is a naturally occurring 
material, a mixture of corundum, 
haematite, quartz and one or two 
other substances. 

Like emery, all the other fairly soft 
common abrasives are also found 
naturally and are not made artificially. 

Garnet, a red-brown stone which 
can be used as a gem stone, is used for 


Carborundum is used to polish this stainless 
steel tubing. Carborundum is artificially 
made silicon carbide and has a hardness of 
around g: 6 mohs. 


sanding wood. It has a hardness of 
7:0-8-5 Mohs depending on the type 
of garnet. This is all right for sanding 
wood, but is far too hard for polishing 
gem stones. It would only scratch 
them. The red powder, an ore of iron 
called haematite or jewellers’ rouge 
(5°5-6°5 Mohs), will slowly grind 
jewelled surfaces smooth, but will not 
scratch. Two even softer abrasives are 
chalk and talc. 
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An adult Chlamydomonas plant showing the typical features of this type of Algae. 


LMOST any drop of pond-water, 
when looked at under the micro- 
scope, can be seen to contain hundreds 
of tiny moving organisms. In spite of 
their ability to move, most of these 
organisms are plants. They are tiny 
Green Algae — primitive  flowerless 
plants related to seaweeds. The 
majority of them consist only of a 
single cell (just like the protozoan 
animals). The plants contain chloro- 
phyll (the green colouring matter) and 
can make their own food by photo- 
synthesis. Animals cannot do this. The 
plants also have a rigid cellulose wall. 
These tiny green plants swim freely 
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near the surface of both fresh and salt 
waters and are the basic source of food 
for all life in the water. One of the 
commonest plants in the freshwater 
plankton is a tiny thing called Chlamy- 
domonas (Clam-ee-dom-OWN- ass ). 
Its single oval cell is so tiny that fifty 
of them would only just about stretch 
across a pin’s head. From one end two 
fine flagella emerge and drive the 
organism forward as they lash about. 
There is a large cup-shaped chloroplast 
containing the chlorophyll. A lighter 
area in the chloroplast is the pyrenoid 
and is concerned with starch produc- 
tion. All the processes in the cell are 


controlled by the nucleus. There is no 
problem in getting oxygen for respira- 
tion — it just diffuses through the cell 
wall. The same goes for the carbon 
dioxide used in photosynthesis. 
Towards the front of the organism 
is a red spot. This is the eye-spot and is 
concerned with the detection of light. 
Chlamydomonas is able to respond to 


Chlamydomonas splits in two at frequent 
intervals to produce a host of new indwiduals. 


light and moves to where the light is 
best for photosynthesis. 

When the light and temperature are 
just right for it, Chlamydomonas grows 
rapidly and each one may split into 
two or more new individuals every 
day. Huge numbers of this plant result 
and, together with other algae, may 
make the water green. When the cell is 
about to divide, the flagella are with- 
drawn and the organism stops swim- 
ming. The nucleus, protoplasm and 
chloroplast all divide once or more and 
a new cell wall develops around each 
new group to give two, four or eight 


The life cycle of Chlamydomonas during 
sexual reproduction. 
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new cells. They produce flagella and 
swim away as new Chlamydomonas 
plants when the cell wall of the parent 
breaks up. 

If the conditions are not favourable 
(i.e. lack of sunlight and low tempera- 
ture) Chlamydomonas may reproduce in 
another way. Each one splits up (with- 
in its wall) into perhaps sixty-four tiny 
bodies called gametes. When the cell 
wall bursts, the gametes are released 
and they join up in pairs (not neces- 
sarily from the same parent) to form 
zygotes. The flagella are lost and a 
thick wall develops. In this state the 
organism is very resistant to drought 
and cold. When better conditions 
return the thick wall breaks down and 
two or more young individuals are 
released : the zygote has divided within 
the resting spore. 


Colonial Algae 


Chlamydomonas is a solitary alga (i.e. 
it lives by itself) but many of its 
re'atives live in colonies. Gonium is a 
simple colonial form in which about 
sixteen chlamydomonas-like cells unite 
to form a flat plate. Pandorina colonies 
also have sixteen cells but here they 
are arranged in a solid ball embedded 
in jelly. Each cell has its own flagella 
on the outside and these move the 
whole colony but each cell acts as an 
individual plant. All the vital func- 
tions, such as nutrition and reproduc- 


tion, go on in each cell. 

When the colony reproduces, each 
cell divides into sixteen tiny ones. The 
cell walls of the parent colony then 
break down and sixteen new colonies, 
each of sixteen tiny cells, are released. 
The colony also reproduces sexually. 
Each cell produces a number of 
gametes — there may be sixteen large 
ones or thirty-two smaller ones. When 
they are released, they join in pairs 
(usually one large and one small) and 


Pandorina (left) is a colonial form of sixteen cells all of which take part in reproduction. 


and there is no division of labour in 
the colony. Volvox colonies are much 
larger and can just be seen with the 
naked eye. Each colony is a hollow 
ball of several thousand cells but only a 
few cells are able to reproduce. These 
cells are usually larger than the rest. 
They begin to divide when the con- 
ditions are right for rapid growth and 
the bundles of cells fall into the hollow 
of the parent colony. When the latter 
breaks up, the new colonies are 


NEW COLONIES 
DEVELOPING 
INSIDE OLD ONE 


Volvox colonies (right) are made up of thousands of cells but only a few divide and form new 


colonies. 
form zygotes. After a period of rest 
each zygote gives rise to a new sixteen- 
celled colony. 

Eudorina, with a_thirty-two-celled 
hollow colony behaves in just the same 
way. Each cell acts as an individual 


released into the water. 

As in other algae, there is another 
form of reproduction. Some cells 
develop into large ‘female’ cells while 
others divide into a number of small 
‘male’ cells. When the reproductive 
cells are released, ‘male’ and ‘female’ 
ones join up and a thick cell-wall de- 
velops round them. This resists cold 
and drought and when better condi- 
tions return, the cell inside divides 
rapidly to form a new colony which 
bursts out of the resting spore. 

There is in Volvox a division of 
labour between the cells — only some 
are concerned with reproduction. The 
difference between the ‘male’ and 
‘female’ cells is more marked here 
than in the simpler forms. It is possible 
that the more advanced algae, such as 
Spirogyra developed from single-celled 
forms, through a stage like Volvox. 
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ATOMIC CHEMISTRY 


AVOGADRO’S NUMBER 


"THERE is no difficulty in counting 

how many peas there are in a 
pound packet. Because peas are fairly 
large it is easy to pick up a handful 
and count them one by one. Peas are 
easy to count; so are particles a 
thousand times smaller. When they 
are too small to be seen with the naked 
eye, simply count them under a 
microscope. For large numbers of 
very small particles, this is a most 
irritating thing to do, but neverthe- 
less it is possible. Some particles, 
however, are too small to be seen 
even with the microscope and cannot 
be counted easily. 


Avogadro’s number is the number of 


molecules in a gram molecule of any 
substance. It is a number of particles 
that are so tiny that they cannot be 
seen. This number has the same value 
for all elements and compounds. ‘The 
number is 6:025 « 107%. There are 
6-025 x 107° molecules in every 32 
grams of oxygen and in 18 grams of 
steam or water or a gram molecular 
weight of any other substance. (32, 2 
and 18 are the molecular weights of 
oxygen, hydrogen and water.) There 
are 6-025 x 10” tiny particles called 
molecules in every element and com- 
pound. 602,500,000,000,000,000,000,- 
000 is Avogadro's number. Because it is 
so easy to lose count of the number of 
noughts in a number of this size, it is 


OXYGEN 
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much better expressed as 6°025 x 
ror 

Amedeo Avogadro died in 1856, 
but the first attempts at finding the 
actual value of this number were not 
made until nine years after his death, 
in 1865. The work on finding this 
figure was done by a German physicist 
called Loschmidt. 

Avogadro had started the train of 
thought by suggesting that matter 
might be made up of molecules, tiny 
invisible clusters of atoms. Containers 
each of the same size filled with gases 
all at the same temperature and pres- 
sure would contain the same number 
of molecules. When Loschmidt dis- 
covered a way of counting the mole- 
cules in a gram molecule, the answer 
was called, by scientists in other 
countries, Avogadro’s number in 
honour of Amedeo Avogadro. In 
Germany, though, the number is 
known as Loschmidt’s number. 

Loschmidt had a difficult problem 
to solve — that of counting an enor- 
mous number of particles that were 
far too small for him to see. His result 
was not the result of, experiment, but 
largely that of reasoning. He assumed 
that the molecules in a gas were in 
total chaos, bouncing and rebounding 
all over the place with all sorts of 
different speeds. To this situation 
he applied statistical reasoning. This 
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Avogadro’s hypo 


reasoning only gave very rough results, 
for certain factors were overlooked. 

Later ways of finding Avogadro’s 
number are much easier to under- 
stand and give much better results 
because they are the results of experi- 
ment. 

One method uses radioactivity for its 
measurements. Helium atoms are 
counted as they are produced from 
a radioactive source. The element, 
polonium, is radioactive and its atoms 
are unstable and cannot stay in- 
definitely in this form. Gradually one 
by one, the atoms in a lump of 
polonium disintegrate. Alpha par- 
ticles (helium nuclei) are hurled out 
of the atom. In doing so the polonium 
nucleus loses four units of mass and 
two units of charge and is transmuted 
into a nucleus of the metal, lead. Each 
alpha particle hurled out eventually 


a \ QO J 6 , 
VESSEL IS 22:4 LITRES © 
OXYGE @>: 


IT COULD CONTAIN 
32 GM OXYGEN 


28 GM 
NITROGE 
PC 


Ss ALSO 


CONTAIN 40 GM OF 
ARGON 


60 OF 
MERCURY 
PRESSURE 


POLONIUM 


AS POLONIUM DECAYS 
ALPHA PARTICLES 


3 HURLED OUT 


o~ 


AN ALPHA 
PARTICLE IS 
A HELIUM 

NUCLEUS 


HELIUM 
FORMS 


THE NUMBER OF ATOMS 
IN 4 GMS OF HELIUM 
CAN BE CALCULATED. 
THIS IS AVOGADRO'S 


SCINTILLATIONS NUMBER 
AS ALPHA PARTICLES 
HIT ZINC SULPHIDE NEWRY 
SCREEN FORMED 
HELIUM 
1S 
WEIGH ES 


y) paeereesy 


SOND Oa ee 
Sem enmatnas 


THE NUMBER OF SCINTILLATIONS 
CAN BE COUNTED TO GIVE THE 
NUMBER OF HELIUM ATOMS 
FORMED 


ee 
Lea \ 


Helium atoms can be counted as they are produced from a radtoactive source. 


becomes a helium atom. So counting 
alpha particles as they are hurled out 
gives the number of helium atoms 
formed by the radioactive decay. 
Fortunately there are two very good 
ways of counting alpha particles — 
using a zinc sulphide screen or a 
Geiger counter. A zinc sulphide screen 
will give a little flash of light or 
scintillation whenever an alpha par- 
ticle bumps into it. A Geiger counter 
will automatically add up the radia- 
tion it is receiving so that the quantity 
can be read from a dial. 

An evacuated jar is weighed and a 
piece of polonium is placed inside it. 
Some of the polonium decays into 
helium and lead. .A\ Geiger counter or 
other alpha particle counter detects 
the presence of each alpha particle 
given off and therefore counts up the 
number of helium atoms formed. 
After a while the partly decayed 
polonium is removed and the jar is 
reweighed to find the increase in 
weight brought about by the presence 
of helium. As a further check, the 
loss in mass of the polonium can also 
be found. From the number of atoms 
in this mass of helium it is an easy 
step to calculate the number of atoms 
there would be in 4 grams of helium. 
4 grams is the gram molecular weight 
of helium. 

This method gives quite good re- 
sults. Another method uses Faraday’s 
laws of-electrolysis. Faraday found that 
to release a gram equivalent weight of 
an ion (weight of an ion divided by 
the number of charges on the ion), he 
always had to use a certain quantity 
of electricity. This quantity is 96,520 
coulombs, known as the Faraday. (A 
coulomb is the quantity of electricity 


that flows when a current of one 
ampere flows for one second.) To 


deposit a gram equivalent weight of 


copper by electrolysis 96,520 coulombs 
of electricity must be passed through 
the electrolytic cell. 

Some types of ion liberated by 
electrolysis carry one unit of charge; 
others carry more. The 96,520 cou- 
lombs must be accounted for by the 
size of the charge carried by a single 


ion multiplied by the total number of 
ions present. 

Charge on an electron x number 
of ions in a gram equivalent weight = 
96,520 coulombs. Charge on electron 

« Avogadro’s number — 96,520 cou- 
lombs. Avogadro’s number can easily 
be worked out from this because the 
size of the charge on an electron is 
known. In :g10 Millikan discovered - 
the size of the charge on, an electron 
compared with its mass by charging 
up minute droplets of oil and studying 
their behaviour in an electric field. By 
repeating this experiment many times 
he managed to work out the size of the 
smallest possible charge. This was 
equal to the charge on a single electron. 

The theory behind most of the 
other methods of finding Avogadro’s 
number is much more complicated. 
For example, it can be worked out 
from the movements of particles sus- 
pended in a liquid and the blueness 
of the sky. 
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FAMOUS SCIENTISTS 


RGANIC chemistry — the chemistry of the carbon 
compounds~—has been established as a definite 
branch of chemistry within the last hundred years. 
Although several other famous chemists before him had 
been interested in organic chemistry, Friedrich Kekulé 
played an important role in its development. His principal 
contributions were concerned with the structures (the 
molecular architecture) of organic compounds. 

At the beginning of the nineteenth century, organic and 
inorganic chemistry were regarded as two almost unrelated 
sciences. It was thought that some ‘vital principle’ was 
concerned in the formation of the complicated (organic) 
substances found in animals and plants. And even after 
two organic compounds (ethyl alcohol and urea) had been 
prepared artificially from non-living (inorganic) matter, 
these old ideas were slow to die. 

By the middle of the century quite a large number of 
organic substances had been isolated, and attempts had 
been made to find the chemical composition of many of 
them. At first chemists were satisfied when they had found 
the proportions by weight of the various elements in a 
compound. Later they tried to work out the number of 
atoms of the various elements present in each molecule. 
As there was still some uncertainty over the atomic weights 
of even the common elements, several different formulae 
often existed for the same compound. In 1861 Kekulé 
recorded nineteen formulae for acetic acid. 

At this time the idea of valency was in its infancy, but 
Kekulé managed to prove that carbon had a valency of 
four. One atom of carbon combines with four atoms of a 
monovalent element like hydrogen (as in methane) or 
two atoms of a divalent element like oxygen (as in carbon 
dioxide). Kekulé also explained the formula of ethylene 
(C,H,4) and similar compounds. He showed that if double 
valency bonds hold the two carbon atoms in ethylene 
together, the four-valent nature of carbon is preserved. 


Kekulé proved that carbon has a valency of four (as in methane) and 
showed that this condition is preserved in ethylene, if the two carbon 
atoms are linked by a double bond. 
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Friedrich August Kekulé (1829-1896) 


Of almost equal importance was Kekulé’s discovery 
of the ring formula for benzene (CgH¢). For some time he 
had been puzzling over its structure. Until then it had 
been assumed that all organic compounds had an open 
chain of carbon atoms as a backbone. Then, while dozing 
in his study, he had a vision of chains of carbon atoms 
twisting and curling like serpents; suddenly one gripped 
its own tail to make the closed ring. This showed that 
carbon atoms did not have to be arranged in open chains. 
In fact, a ring structure for benzene accounted for several 
of its properties. 

Friedrich August Kekulé was born at Darmstadt in 
Germany in 1829. In 1847 he entered the University of 
Guissen to study architecture, but under the influence of 
Justus von Liebig, another native of Darmstadt, Kekulé 
turned his attention to chemistry. After studying in Paris 
under Jean Baptiste Dumas, he became Professor of 
Chemistry at Ghent in 1858 and in Bonn in 1865. He died 
in 1806. 


Kekulé explained the unusual properties of benzene by giving it a 
ring structure. The six carbon atoms are linked by alternate single 


and double bonds. 
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Finding the 
CENTRE of GRAVITY 


T is far easier to carry a plank of wood if it is held in the 
middle rather than at one end. Most people who are 
used to carrying long objects know this, but they probably 
do not realise that each time they pick up a plank, they 
find its centre of gravity. 

The force of gravity acts on every particle in an object 
and its centre of gravity (or centre of mass is the point at 
which the whole mass of the object appears to be concen- 
trated. The effect of gravity acting on all the individual 
particles of which the object is made may be replaced by a 
single force passing through the centre of gravity. 

Any object may be balanced on a pin-head provided its 
centre of gravity is directly above the pin-head. A uniform 
ruler balances about its mid-point because its centre of 
gravity is there. 

However, if the ruler is pivoted by any other point, it will 
tip over instead of balancing. The weight of the ruler 
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The centre of gravity of the plank is at its mid-point, so it is easter 
to lift it in the middle than from one end. 


(acting through its centre of gravity will tend to turn it 
until its centre of gravity is vertically below the point of 
suspension. The size of this turning effect or moment depends 
on the horizontal distance between the centre of gravity 
and the vertical through the point of suspension. ‘The 
moment decreases as the distance gets small until it even- 
tually disappears when the centre of gravity is vertically 
below the point of suspension. 

So, if a box is hung up from one corner it will come to 
rest with the centre of gravity vertically below the corner. 
This is the basis of a method for finding the positions of 
centres of gravity. This method is particularly suited to 
thin sheets but can also be used for hollow objects and 
frameworks like chairs. 

The object is hung in turn from three different points 
close to its edge. Each time, a plumb line (a piece of thin 
cord with a small heavy bob on the end) hangs freely from 


The lower the centre of gravity of a vehicle, the less likely it ts to 
overbalance if it is tilted. Here a bus is being tested to find how 


far it can be tilted before it falls on its side. 


the same peg. .As the centre of gravity of the plumb bob will 
always come to rest vertically below the peg. the cord on 
which it hangs will be vertical. Vhis cord is, therefore. used 
to mark a vertical line from the point of suspension. The 
centre of gravity of the object will be somewhere on this 
line. When the object has been hung trom three different 
points, three lines will have been drawn on it. The point 
where these three lines cross is the centre of gravity. 

As the centre of gravity of a framework will most 
probably be in empty space. pencil marks cannot be used 
to mark the verticals. Instead. pieces of cord are tied across 
the framework so that they coimcide with the three 
positions of the plumb line. 

For more complicated: objects like motor cars. the 
centres of gravity are usually found by calculation. Such 
objects are constructed from many uniform and regular 
objects (e.g. cubes and cylinders whose centres of gravity 
are at their geometric centres. The turning effects 
‘moments. of the various components about an imaginary 
line can be calculated easily. and the centre of gravity 
found. 

To find the centre of gravity, the table tennis bat is hung from 
thre points. The centre of gravity is where the lines cross. 


| SOUND | 


THE ELECTRONIC ORGAN 


Electrical Oscillations 


All types of electronic organ produce 
electrical oscillations, which can then 
be turned into sound vibrations. The 
capacitor method described here is 
one of several possible methods of 
producing oscillations. 


Coils oscillating 
in magnetic 
fields give oscil- 
lating currents. 


Some kinds of 
crystal give elec- 
trical oscillations 
when they are 
made to vibrate. 


= 


An oscillating 
valve circuit pro- 
duces the funda- 
mental note. 
Higher har- 
monics can be 
obtained from 
frequency doub- 
ling circuits. 


KEY MUST BE 
CLOSED TO PRODUCE 


NOTE 


STOP KEY 


RESISTOR ADJUSTS. VOLTAGE 


HE sound coming from a conven- 
tional organ pipe originates from 
a vibrating column of air inside the 
pipe. A burst of air is injected into the 
lower end of the pipe to set it vibrating, 
and the resulting sound depends on 
the length of the pipe. Long pipes give 
low notes and short pipes give high 
notes. T’o produce the wide range of 
sounds necessary in an organ, a great 
many pipes of different sizes are 
needed. 

There is no need for pipes in an 
electronic organ, because the sound 
vibrations start off as to-and-fro oscil- 
lations of an electric current. The 
simplest sound wave - the wave of a 
‘tinny’ pure note containing waves of 
only one frequency ~ reaches the ear 
as to-and-fro vibrations of the air. 
Electrical oscillations are turned into 
sound vibrations by a_ loudspeaker. 
When an oscillating electric current 
is fed into a loudspeaker, a small mag- 
net is set vibrating. The vibrations are 
passed on to the cone of the loud- 
speaker, which in turn sets the sur- 
rounding air vibrating. 

There are many ways of producing 
electrical oscillations. Valve circuits, 


THE BACK OF 
THE ORGAN 


LOUDNESS 
CONTROL 


crystals and magnets can all produce 
them. The problem with an electronic 
organ is to make a wide variety of notes 
of audible frequency. One of the 
easiest methods of doing this uses a 
rotating electric capacitor. 

In its simplest form, the capacitor is 
a pair of metal plates a short distance 
apart. The area of the plates deter- 
mines the amount of electric charge 
that can be stored on them ‘the capaci- 
tance:. If a capacitor is wired into a 
circuit and the capacitance is varied, 
the amount of charge held will vary 
too. This means that there will be a 
flow of electric charge ‘a current to 
and from the capacitor. 

In this electronic organ one of the 
capacitor plates is fixed and the other 
is coupled to an electric motor so that 
it spins. Marked on the fixed plate are 
a series of wavy lines 
The plates are coated with silver, a 
good electrical conductor, but the 
wavy lines are cut right through the 
silver into the insulating board behind. 
So the wavy lines divide the stationary 
plates into sine-wave-shaped areas. 

The wave of a pure musical note has 
the same shape — the sine-wave - as the 
areas cut into one plate of the capaci- 
tor. On the other plate are raised sil- 
vered areas which make up the other 
half of the capacitor. While this half is 
spinning, the area of plates opposite 
each other varies with the sine-wave 
pattern. So the current around the cir- 


sine-w'aves. 


AMPLIFIEI 


SWELL 
PEDALS 


The frequency of a musical note is the number of oscillations per second 


STATIONARY SINE-WAVE 
PLATE 


PULLEY CONNECTED 


THIS RING HAS 
4 SINE-WAVES 
CUT IN IT 


THE MOVING PLATE 
COVERS SINE-WAVES 
SHAPED AREAS OF 

THE STATIONARY PLATE 


The rotating capacitor produces sine-wave-shaped oscillations. 
The number per second (the frequency) depends on the speed of 


TO MOTOR 


cuit also has a sine-wave variation. It 
is then an easy matter to amplify the 
current (to strengthen it) and then 
turn it into an audible sound in the 
loudspeaker. 

A note an octave higher is produced 
when there are twice as many sine- 
waves cut into the disc. With each 
octave on a musical scale, the fre- 
quency of the sound (the number of 
vibrations per second) is doubled. This 
note is called a harmonic of the first 
note. All the harmonics of a note can 
be made with one pair of rotating 
plates, with several ‘circles’ of sine- 
wave patterns cut into it. Each ‘circle’ 
has twice as many waves cut into it as 


THIS PLATE 
CARRIES 
THE SINE- 


ROTATING 
CAPACITOR 
PLATE - THIS 
ONE CARRIES 
SEGMENTS, NO’ 
SINE WAVES 


As part of the capacitor spins, the area of 
plates opposite each other varies. This leads 
to an oscillating flow of current. 


the circle inside. 

The whole range of musical notes 
can be covered by just twelve rotating 
capacitors. This is because octaves are 
divided into twelve notes, or semitones. 
Each of the rotating capacitors pro- 
duces one of the twelve semitones, plus 
all the harmonics of the semitone. 

The frequency of the note is the 
number of complete sine-wave pat- 
terns made each second. It depends on 
the number cut into each ‘circle’ on 
the disc, and also on the speed at which 
the other disc spins. It is unnecessary 
to cut all the discs differently to make 
the different semitones — all that is 
needed is for the other disc to spin at 
different speeds. The discs are con- 
nected to an electric motor by a pulley, 
and a belt which goes over the rotating 
pulley of the motor. One motor drives 
all the discs, but the pulleys are all of 
different sizes. This makes them spin 
at different speeds. 

There are other ways of making the 
electrical oscillations. For example, 


rotation, and on the number of waves cut into the disc. 


some electronic organs use vibrating 
magnetic coils. But the advantage of 
the capacitor method is that the sound 
closely resembles the conventional 
organ sound. When air is injected into 
an organ pipe, the sound vibrations do 
not start immediately. They take some 
time to build up and die down again. 
In the same way, the charge does not 
build up immediately on capacitor 
plates, and it takes time to die down 
again. Various effects can be simula- 
ted by connecting different electrical 
resistors to the capacitors. They vary 
the time taken for the capacitors to 
charge. 

An organ sound is certainly not 
‘tinny’. In each pipe several notes — 
the fundamental note and some of its 
harmonics — are formed at the same 
time. This gives the organ sound its 
quality. Most of the space in the 
electric organ is taken up with switch- 
ing arrangements, so that any number 
of harmonics, at any desired intensity, 
can be added to the notes. 


Loudspeaker systems turn the electrical 
oscillations into sound vibrations. Usually 
several loudspeakers are used. 
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HEN the sea and the land had 
been colonized by life, the skies 

still remained unoccupied. The first 
creatures to invade the air were in- 
sects. Fossils of their wings have been 
found in Carboniferous rocks, 280 
million years old. One hundred mil- 
lion years later the larger, heavier 


backboned creatures (vertebrates: took 
to flight. First came to Plerosaurs- true 
reptiles related to dinosaurs. ‘Their 


earliest remains are known from Lower 
Jurassic rock (180 million years old). 
They drove themselves through the 
air or perhaps glided, using a dry flap 
of skin stretched between a very long 
finger and the sides of the arms, body 
and legs. Then the birds appeared. 


The first fossil Archaeopteryx found, is 
kept in the Natural History Museum. 
London. A second, discovered in 1877, is 
kept in Berlin. 


LAWS 
FOR GRASPING 


ARCHAEOPTERYX — THE FIRST 
BIRD KNOWN. THE JAWS WERE 

ARMED WITH TEETH AND EACH 
FOREARM HAD THREE CLAWED FINGERS 
FOR GRASPING 


ar 
A 
tw > 1K 

The birds were related to the Ptero- 
saurs for they had descended from the 
same group of reptilian ancestors. But 
they had developed feathers — struc- 
tures unknown in reptiles and, in fact, 
any other group of creatures. Feathers 
insulated birds against the outside 
climate and enabled them to become 
warm-blooded. Special feathers fitted 
to the forearms and tail provided 
method of flight. 

The first fossil bird known, Archaeo- 
pteryx, was discovered in Upper Juras- 
sic rock 140 million years old. Almost 
certainly, birds were flying at an 
earlier date than this, for Archaeo- 
plerv, is already quite an advanced 


Birdy probably) evolved from a group of 


reptiles that took to tree-life in Triassw 


times. 


THECODONTS WERE SMAkL 
AND WALKED ON THEIR HIND 
LEGS. SOME ARE 

THOUGHT TO HAVE 
TAKEN TO TREELIFE 


ance JAGGED 
TEET! 
FOR. TEARING FLESH 


type. The absence of more primitive 
birds in the fossil record is most likely 
due to poor preservation. 

Through succeeding Cretaceous 
times, birds and pterodactyls descend- 
ants of the pterosaurs were flying side 
by side. In comparison with the flimsy 
flaps of skin propelling the pterodac- 
tyls, the birds’ wings were sturdy 
structures and were not so casily 
damaged. Pterodactyls. together with 
many other reptiles, became extinct 
near the end of the Cretaceous Period 
(70 million years ago) and quite pos- 
sibly the increasing competition from 
the birds contributed to their downfall. 
The First Fossil Bird 

Early in 1861, workmen quarrying 
limestone near Solnhofen, Bavaria, 
discovered the fossilized impression of 
a bird’s feather. Soon alter. ina nearby 
quarry, an almost complete. tossilized 
bird skeleton found showing 
feathers attached to the fore-limb and 
to the tail. The importance of the dis- 
covery immediately realized. 
This ancient bird was a link in the 
chain between modern birds and the 
ancestral reptiles. It was called -Archaco- 
pteryx (Greek, Archaios, ancient; pleryx. 
a wing). 

Archaeopteryx was in many ways very 
unbirdlike. For instance the elongated 
upper and lower jaws were equipped 
with short cylindrical teeth: in modern 
birds, teeth are absent and a horny 
beak has been developed. ‘Vhe recon- 
structed brain appears reptilian rather 
than birdlike. the hind limbs were the 
same length as the fore limbs and the 
creature possessed a long repulian tail. 
Further, every bone in the skeleton 
was solid unlike today’s birds which 
have some hollow bones filled with air. 
But the feathers. which are preserved 
in every detail, could have belonged to 
a modern bird. Large flight feathers 


Was 


Was 


ARCHAEOPTERYX 
PROBABLY 
EVOLVED 

FROM 
TREE-LIVING 
THECODONTS 


TEETH FOR 
CRUNCHING INSECTS 


were attached to the wings and tail 
and the body was covered in a layer of 
smaller feathers. 

Archaeopteryx was probably a very 
feeble flyer. The keel, which is an ex- 
tended plate on the breast-bone of 
most modern birds, was very small and 
could not have supported very large 
muscles for powering the wings. Also 
the long rear limbs and cumbersome 
tail would have prevented strong 
flight. Probably, Archaeopteryx was most 
at home gliding from branch to branch 
in the Upper Jurassic forests. Certainly 
it could perch on boughs, for the first 
of its four-clawed toes rotated back- 
wards and could be moved in the 
opposite direction to the other three. 
This pincer-like device must have been 
perfect for grasping. 


BONES 


2, 
VE-FINGERED 
ORE-LIMB 
BASIC TO ALL LAND 
VERTEBRATES 


The pterosaurs and birds adapted the five- 

fingered fore-limb to different modes of 
flight. The bird’s wing was not nearly’ so 
easily damaged. 


ICHTHYORNIS 
HAD THE 
APPEARANCE 

OF TODAY'S TERN { 
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HESPERORNIS - A LARGE, 
FLIGHTLESS SEA-BIRD 


Pn sce: 
Two cretaceous sea-birds. 


Cretaceous Fossil Birds 

Not until well into Upper Cretace- 
ous times, a gap of 55 million years, is 
the next glimpse of bird life obtained. 
This scarcity of fossils is not altogether 
surprising. If the early birds were 
largely tree-dwellers, their dead bodies 
would fall to the ground and be des- 
troyed by other creatures or by natural 
weathering processes. Only rarely 
would a bird be swept out to sea, 
drowned, and preserved in marine 
sediments. 


TODAY'S 
PIGEON - 


A STRONG FLIER 


Wi 
STREAMLINED 
SHAPE ‘a 


NO TEETH BUT THE 
SKIN AT THE EDGE OF 
THE JAW IS HARDENED 
TO FORM A BEAK 


Hesperornis was 6 feel 


ong, 
During the long interval, rapid 
evolution must have taken place, for 
Upper Cretaceous birds are far more 
modern in appearance and there were 
many different sorts. Most of the relics, 
as would be expected, are of sea birds 
and the best preserved of them come 
from the chalky Cretaceous rocks of 
Kansas, U.S.A. Ichthyornis was a smal- 
lish bird, 9 inches in height, rather 
resembling our present-day tern in 
appearance. There is a strong pos- 
sibility that its elongated jaws were 
armed with teeth. Though it was a 
bird well adapted for swimming on 
the sea, a strongly developed keel on 
the breast bone shows that it was also 
a strong flier. Another bird, Hesperor- 
nis, which hunted in the same seas, 
was 6 foot in height and had become so 
adapted for life on the water, that it 
had lost its powers of flight. There is no 
keel on its breast-bone and its fore- 
arms (wings) were each reduced to a 
single fragile bone a few inches in 


chthyornis only g inches. 


length. The jaws were extremely long 
and equipped with numerous small 
teeth. The webbed feet, though excel- 
lent adaptions for diving, were prob- 
ably useless for walking on the land. 

A number of other types of bird 
have been found in rocks of Upper 
Cretaceous age in many different 
parts of the world. From Cambridge 
in England comes the almost com- 
plete skeleton of Enaliornis — a pigeon- 
sized sea-bird; possible ancestors of 
the flamingoes have been found in 
Sweden, and in France, a leg bone was 
discovered of what could be an ances- 
tral goose. In Canada, a single jaw 
bone is thought to have belonged to a 
giant land bird, Caenognathus, which 
like Hesperornis had given up flight. 

In later rocks of Tertiary age the 
birds were becoming very modern 
looking indeed. The upper and lower 
jaws had lost their teeth and a horny 
beak had developed for feeding. About 
500 fossil forms, many of them closely, 
related to present day birds, have been 
found. Unfortunately most of the re- 
mains are very fragmentary. 


: 


Birds from Reptil eee 
Be eg of the “bir s are 
“thought e a group of smallish, — 
‘Triassic reptiles called thecodonts. 
Perhaps seeking new hunting aed 
grounds, some of the thecodonts are — 
believed to have 1 to the trees. 
Their f elimbs” would. become | 
creas: Bes as adaptions _ i 
climbing » Manoeuvring on. . 
narrow SO a8 would developa good _ 
sense of balance. Insects were the chief 
food supply so small teeth would be 
smigie suitable than large teeth. a 
Finally these creatures would have 
| started to leap through the air, from 
‘bough to bough, balanci jemselves 
with their long tails. The appearance 
_of feathers — robab! “quite accidental 
; ' ment for true 
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INORGANIC CHEMISTRY 


What's in a Sixpence? - 
Gravimetric Analysis 


SILVER sixpences have now been 

withdrawn from circulation. The 
present day coins still look silvery, but 
like many other types of coinage they 
are now made from cheaper metals 
which have more resistance to wear 
and tear. Sixpences are now made 
from an alloy of the two metals, copper 
and nickel. 

Analysis of a sixpence involves 
chipping off a piece of the metal and 
dissolving it. Tampering with coinage 
in this way is illegal, but the method 
described here will work equally well 
for any piece of nickel-copper alloy. 

Analysis of a metal alloy takes place 
in two parts. First of all, what metals 
are there in the alloy? Identifying 
the components is known as qualitative 
analysis. Qualitative analysis of a six- 
pence shows it to be made up of copper 
and nickel. 


But qualitative analysis does not 
tell how much of each metal there is 
in the alloy. Finding the proportions 
of each is known as quantitative analysis. 
Someone analyzing an alloy will be 
interested in the weights of each metal 
present. Weighing, then, is an essential 
feature in this analysis. The metals are 
separated out as compounds from 
each other and weighed to find out 
how much of each is present. Quanti- 
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tative analysis based on weighing is 
known as gravimetric analysis. 

Here, an alloy consisting of two 
metals is being examined, but the idea 
is exactly the same when there are 
many more present. Then there are 
just more steps to the process. 


NICKEL 
ATOM 


Qualitative analysis shows a sixpence to 
be made of copper alloyed with nickel. The 
percentages of these metals are found by 
quantitative analysis. 


A metallic sample is completely dis- 
solved. Ions of each metal are wander- 
ing around in the solution. The ions 
must be brought out of the solution, 
one type at a time. The reagent has 
been chosen to react with the ions of 
one metal only. It reacts with those 
ions and forms a compound that is very 
insoluble. The compound can no lon- 
ger stay in solution so it forms particles 
instead. It is an easy step to filter 
out these particles and wash back any 
droplets of liquid containing ions of 
the other metal. If these are not 
washed back, some of the other metals 
are lost. 

The reagents used for precipitating 
metals have been very carefully 
chosen. They must bring out of solu- 


LESS THAN 
| GM OF THE 
METAL IS 

ACCURATELY 
WEIGHED 


tion all of one metal and none of the 
others. A reagent must form a very 
insoluble compound, otherwise some 
of the metal will remain in solution and 
will not be accounted for. Compounds 
known as complexes are often used as the 
precipitates in gravimetric analysis. 
With the particular reagent the metal 
forms a large complex molecule —a 
molecule which because of its size and 
non-ionic structure is very insoluble. 

When the complex or ordinary pre- 
cipitate has been filtered out and 
washed clean with great care so that 
not one particle is lost, it must be 
weighed to find out how much there is 
of it. It cannot be weighed in its 
present state as it is soaking wet and 
the weight would be meaningless. 
Water would account for a good part 
of the weight. Every drop of water 
must be driven off, but in such a way 
that none of the precipitate disinte- 
grates. The vessel containing the 
precipitate is placed in a thermo- 
statically controlled oven set at a 
moderate temperature and left to dry 
out for several hours. Even after a very 
long while in the oven the precipitate 
might not be properly dry. Inaccurate 
results will be obtained from weighing 
a wet precipitate. The dryness can be 
checked by cooling and weighing the 
vessel and putting it back in the oven 
for a few minutes more to see if the two 
readings coincide. 

Naturally, it is wrong to carefully 
dry out the precipitate and then let 
more water creep in during the cooling 


( 


ENOUGH CONCENTRATED 
HYDROCHLORIC 

ACID IS ADDED 

TO DISSOLVE 

THE METAL 


before weighing. Tongs transfer the 
precipitate from the oven to a desic- 
cator (a closed vessel containing drying 
agents) to cool in the dry. 

The whole of gravimetric analysis 
depends on getting some very accurate 
weighings. Gravimetric analysis is not 
slapdash chemistry. Nothing must be 
spilt. No particle of precipitate must 
be lost. A vessel to be weighed must be 
handled with tongs or tweezers so that 
no grease and dust from the surround- 
ings clings to the vessel and makes it 
heavier. 

In this copper-nickel analysis, the 
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LL METALLIC 
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copper is brought out of solution as 
cuprous thiocyanate. CuCNS adding 
sulphurous acid and a 10° solution of 
ammonium thiocyanate. The precipi- 
tate is dried in an oven at a tempera- 
ture of between 110°C and 120°C. 

The nickel is made to form a com- 
plex compound with a reagent called 
dimethyl glyoxime. The nickel is 
brought out of solution as a scarlet 
solid. 


33° 8% of the precipitate is nickel. 
Percentage nickel = 25%. 
Therefore the other 75% must be copper. 


All the nickel must be brought out of the 
solution as a compound and weighed. To 
precipitate all the nickel with dimethyl 
glyoxime, the solution must be carefully 
adjusted. 
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This precipitate [formula Ni 
(CyH,O,.N,2).] is dried at the same 
temperature as the copper precipitate 
and weighed in the same way. From 
this weighing and the percentage of 
nickel in the complex the amount of 
nickel present can be worked out. 

A sixpence is 75°% copper and 25% 
nickel and looks silvery even though 
there is three times as much copper 
as nickel. 
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| ELECTRICITY | 


GASES - the Reluctant 


Conductors 


HEN a solitary nuclear particle 
enters a Geiger-counter tube, it 
produces a minute current pulse — 


perhaps ampere flows. 


1 ,000,000,000 
When lightning passes from a cloud to 
the surface of the Earth, currents of 
10,000 amperes pass, delivered by a 
voltage difference of perhaps 
1,000,000 volts. 

How lightning occurs is not alto- 
gether understood, but it is known to 
depend on the ability of gases to 
conduct electricitv. Gases are reluct- 
ant conductors. Whilst some solids, 


The Electric Spark 


An electric spark occurs when a gas 
breaks down. If a voltage greater than 
the breakdown voltage is applied 
across two electrodes, a spark will pass. 
If the voltage is removed then the spark 
will die away, as it does in a sparking 
plug of an internal combustion engine. 
If the voltage remains, then the spark 
will be followed by a self-maintained 
discharge, as in the glow discharge or 
arc discharge. 

A spark discharge crosses the gap ina 
| 
10,000,000 

second have been measured. 


very short time — times of 


like copper, and some liquids, like 
copper sulphate solution, are eager to 
conduct and can be made to do so 
simply by connecting them to an 
electric cell, gases need quite a lot 
of prompting before they will pass 
electricity. 

Copper and copper sulphate solu- 
tion are good conductors because they 
both contain readily available charge 
carriers. In the copper, there are ‘free’ 
negatively charged electrons that can 
be pushed from atom to atom, repelled 
by the negative terminal of a cell and 
attracted by the positive terminal. In 
the copper sulphate solution there are 
positively charged copper (Cu” ~) 
ions and negatively charged sulphate 
(SO47~—) ions. If two electrode plates 
are placed in the solution the sulphate 
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ions will be attracted to the positive 


plate, and the copper ions to the 
negative plate. In this way, a two-way 
current is set up in the liquid and this 
depends on the presence of ions. 


In a gas no such charge carriers | 
are normally present. The atoms and 


molecules are electrically neutral, with 
the positive charges on the nuclei 


exactly balanced by the “negative (J 


charges on the electrons that orbit J 
them. To make the gas conduct elec-37 


tricity, electrons have to be stripped 


away from the atoms. Then a positi- & 


vely charged ion as well as a freg¢ 


electron is formed, and these can act | 


as charge carriers. The electron will 
move towards an anode plate, (positive) 
and the positive ion to a cathode plate, 
(negative), so two-way conduction 
will occur, as in the copper sulphate 
solution. 

The problem is how to remove 
electrons from their parent atoms, in 
other words, how to vonize the atoms 
and molecules in the gas. 
lonizing Gas Atoms and 
Molecules 

There are a number of ways of 
ionizing atoms of a gas. One is to speed 
up electrons in an electric field and 
use them as missiles that knock an 
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eo” ELECTRONS DISPLACED 
FROM METAL ATTRACTED 

TO POSITIVE TERMINAL — 

OF BATTERY : 


Electrons are loosely 
bound to the copper 
nuclei. The negative 
terminal repels the 
electrons, the positive 
terminal attracts 
them. 


@ REPELLED By 
gms NEGATIVE TERMINAL 
eS 


electron clean out of the atom when in 
collision. Two metal plates, an anode 
and a cathode, are sealed into the ends 
of a long glass tube and all the air is 
evacuated from the tube. If the cath- 
ode is illuminated with ultra-violet 
light a few electrons will be released 
from the cathode. These will be repel- 
led by the negative cathode and 
attracted by the positive anode, and as 


NEGATIVE IONSee 
PASS TO ANODE 


\ 


(electrode) melt 
between them. 


they pass across the tube they will be 
speeded up. The speeds attained will 
depend upon the voltage difference 
between the electrodes. 

If, now, some gas is let into the 
tube, there is a good chance that an 
electron leaving the cathode will soon 
bump into one of the gas molecules. If 
it is travelling at a high enough speed, 
it will have enough energy to ionize 


In copper sulphate — 
esolution.. a two-way | 


e of ions occurs. 
he negative SO; 
ions pass to the anode, 
the positive Cut * ions 
to the cathode. 


ELECTRONS FLOW TO 
NEUTRALIZE POSITIVE 


onsen 


im Lhe Wwe ding together of the enuls of large 
pieces of metal is carried out in a flash butt 
welder. The ends of each workpiece 


when an arc is formed 


the gas molecule, forming a gas ion 
and a free electron. This means that 
there are now two electrons and one 
positive ion, in place of one electron 
and one neutral atom. These two elec- 
trons will now be accelerated towards 


V4 Athe anode and soon bump into two 


more gas molecules. If ionization 


Pagain takes place, there will be a total 


four free electrons and three positive 
ns. This process will continue until 
e anode is reached, with the number 


Mf electrons being doubled at each 


stage. An avalanche of electrons has 
been formed and this avalanche will 
move to the anode. The avalanche of 
positive ions formed at the same time 


Swill move to the cathode. 
; 4 All of this occurs very quickly, and 


ce the avalanche is finished no 
further conduction occurs until an- 
other electron leaves the cathode and 
starts the process all over again. This 
means that this sort of discharge relies 
on cathode illumination (or some 
other means of producing free elec- 
trons in the gas) to keep it going. The 
energy given to the free electron is not 
sufficient to make sure that every one 
that leaves the cathode will start an 
avalanche. 

If, however, the voltage difference 
between the electrodes is now in- 
creased a different sort of discharge 
takes over. At a definite voltage dif- 
ference the gas breaks down. This means 
that the ions and electrons in the gas 
have enough energy to release elec- 
trons from the cathode on their own 


ELECTRONS 
ATtacHen Ina gas, the electrons 
jc are firmly attached to 
the gas nuclei, so there 
are no ‘free’ electrons 
or ions to carry charge 
across the gap. 
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NO DEFLECTION 
OF METER 
NEEDLE 


ULTRA-VIOLET 
LIGHT 


If the cathode of an evacuated tube is 
illuminated with ultra-violet light, elec- 
trons released from the cathode pass 
from the cathode to the anode un- 
hindered. 
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lf helium gas is let 
into the tube, an elec- 
tron leaving the cath- 
ode will collide with 
a helium atom. 


If the electron has 
enough energy it will 
knock an electron out 
of the helium atom. 
There are now two 
electrons and one 
positive He* ion. 


The two electrons col- ELEGTRONS 
lide with two more oF 
helium atoms and 


these are ionised. vis 
There are now a total + 
of four electrons’ and o% Ps 


three positive ions. 


Eventually an avalanche of gas ions and— 
electrons is formed. The ions move to 
the cathode and the electrons to the 
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MOVES TO CATHODE 
ANODE 


ULTRA-VIOLET 
LIGHT RELEASES 
ELECTRON 


RESISTOR 
LIMITS 
CURRENT 


SOURCE OF 
DIRECT 
VOLTAGE 


With a‘ low“voltage applied occasional 
avalanches are created by electrons 
leaving the cathode, and by odd electrons 
released in the gas by cosmic rays. 


VOLTAGE 
INCREASED 


As the voltage is increased more electrons 
Start avalanches, and some ions release 
electrons as they hit the cathode. 


STRAY ELECTRON 


A AVALTANCH 


é is increased still further the 


gas breaks down and does not need 
illumination of the cathode to keep it 
going. 


LARGE CURRENT 
HEATS GAS AND 
ELECTRODES 


REDUCED 
RESISTANCE 


lf the resistance is reduced more current 
can flow. More ions and electrons hit the 
electrode. They start getting hot and the 
cathode gives off more electrons. 
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account and the discharge will keep 
going without cathode illumination. 
These secondary electrons can be re- 
leased by the positive ions from the 
avalanche hitting the cathode and re- 
leasing electrons. They can also be 
released by ions and molecules that 
have been excited in collision with 
electrons. They give out bundles of 
light energy that hit the cathode and 
release electrons. 


=e- 
=. 2 
ELECTRONS RELEASED 
BY ION HITTING 
CATHODE 
Excited atoms and ions in the gas give out 
light that releases electrons when it 
reaches the cathode. So, more and more 
avalanches are started. 
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When the breakdown voltage is ap- 
plied, any stray electron (and there 
are always a few present in a gas) can 
trigger off a primary avalanche and 
this will be followed by a continuous 
discharge fed by secondary electrons 
that start their own avalanches. Such 
a discharge is called a self-maintained 
discharge, and will only cease when 
the voltage is removed. 

The excited atoms and molecules, 
as well as the ions, in such a discharge 
give off light. For this reason this sort 
of discharge is known as a glow dis- 
charge. The colour of the light depends 
on the nature of the gas and on the gas 
pressure in the tube. 

The Electric Arc 

The glow discharge needs fairly 
high voltages to keep it going, but the 
currents need not be much greater 


I : 
than ———— ampere. If the current is 
1,000 


> 
very much increased, a different sort 
of discharge takes over. This is the 
electric arc. 
If the ion current and electric 
current in the discharge are allowed 
to get big enough both the electrode 


An arc lamp filled with xenon at high 
pressure. This provides a very intense source 


of light. 


and the gas itself will get very hot. 
This heating is caused by the ions and 
electrons pounding the electrodes, and 
electrode temperatures of 3,000°C are 
easily reached. The temperature of 
the electrons in the gas might be 
15,000°C. 

As the cathode gets hot | releases 
electrons just as the heated cathode in 
a radio valve does — the electrons are 
‘boiled off. Furthermore, the atoms 
and molecules in the gas become 
ionized at high temperature without 
any help from electron missiles. The 
atoms ‘shake off their own electrons. 
This means that the are discharge can 
carry a very large current without a 
large voltage difference between the 
electrodes, once it has become estab- 
lished. Whilst a glow discharge needs 
hundreds of volts to be applied across 
the electrodes, an arc needs only tens 
of volts. 

The easiest way of forming an arc is 
to pass a large current through two 
metal rods held in contact. As the tips 
of the rods are separated, an arc is 
drawn out. Electric arcs find many 
uses. The intense light given out by 
the hot gas and the hot electrodes has 
been used for many years in arc 
lamps of various kinds. The very high 
temperatures reached are used in 
electric welding arcs. 


As the tips part the very high electrical 
resistance at the points of contact causes 
them to get very hot. When the tips are 
completely separated the arc is established. 


Colour 
Temperature 


RED-HOT, white-hot, and blue- 
hot are all used to describe very 
hot objects. At round about 700°C an 
iron poker starts to glow red-hot. By 
the time it is at about 1,500°C. the 
colour is changing to white. At higher 
temperatures, the iron appears blue. 
The poker is emitting light radiation. 
The overall colour of the radiation 
depends directly on the temperature 
of the poker, and the temperature can 
be measured by investigating the 
colour. 

The changes from red through white 
to blue come about gradually as hot 
objects are heated. At first most of the 
radiation is of the red, low energy end 
of the light spectrum. Some orange, 
yellow, green, blue, indigo and violet 
light is emitted as well, but the amount 
is very small. When the object is hotter, 
the proportions of these other colours 
of light increase. The object glows 
white-hot when some of the radiation 
comes from the middle part of the 
visible spectrum. The mixture of the 
different colours then appears ‘white’. 
A blue-hot object emits even more of 
the blue (higher energy) radiation. 

It is difficult for the human eye to 
judge the colour correctly. Faced with 
one red-hot poker, the observer will 
not be able to tell whether its tem- 
perature is 700°C, 800°C or goo°C. 
When he can compare the poker with 
another hot poker at a known tem- 


TOO DARK 


CORRECT 


EMPERATURE 


THE OPTICAL SYSTEM OF 
THE PYROMETER 


TOO LIGHT 


perature, the observer has a_ better 
idea of the temperature of the poker. 
It is easiest for him to compare when 
two pokers are glowing the same 
colour. Then it is certain that they 
are both at the same temperature. 
The optical pyrometer works on a 
similar principle, but instead of com- 
paring all the light from the hot object, 
it is usual to examine only one wave- 


RADIATION AND TEMPERATURE 


WHITE-HOT 
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~ RADIATION 


Only a tiny proportion of the emitted radia- 
tion is visible light. But the proportion 
increases with increasing temperature. 


length, a wavelength of red light. This 
is a more accurate way of measuring 
the colour of an object which emits a 
continuous range of wavelengths. The 
hot body whose temperature is being 
measured is viewed through a kind of 
telescope. Inside the instrument is a 
wire filament, heated by an electric 
current. The observer sees, through a 
red filter, the filament superimposed 
on the hot object. He adjusts the 
amount of current flowing through the 
filament until the filament can no 
longer be seen. The intensity of red 
light from the filament is equal to the 


LLOWISH-WHITE 


} intensity of the same red wavelength 


of light from the hot object. When the 
light intensities are identical, the fila- 
ment merges with the background. 
The amount of electric current 
flowing through the filament deter- 
mines its temperature. So the dial 
turned to adjust the current is marked 
in a temperature scale. The optical 
pyrometer is used to measure tem- 
peratures between 700°C and 3,000°C. 
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Planting the tea-seed in a nursery bed. 
Sometimes new plants are obtained from 
cuttings. 


The Stor 


VERY year Great Britain alone im- 
ports more than 500 million 
pounds of tea — about ten pounds for 
every member of the population. Al- 
though no other country consumes so 
much tea, its production is an impor- 
tant feature in the economy of many 
countries. 

The tea-plant, known as Camellia 
sinensis, grows wild in China and 
northern India (Assam), but is now 
cultivated in many other parts of the 
world. The variety from India has 
larger leaves than the Chinese variety. 
Although cuitivated tea is grown as a 
bush, if left alone it will grow into an 
evergreen tree fifty feet tall. It is 
hardy and, although it grows best in 
the wet tropical and sub-tropical at- 
mosphere, it is successfully cultivated 
at altitudes of more than 6,000 feet. 
The tea plant will grow on a variety of 
soils but the best yields are obtained 
from a deep, rich and slightly acid soil. 

Tea drinking originated in China 
a long time ago, probably as a religi- 
ous ceremony. It was certainly intro- 
duced into Japan very early on, but 
did not reach Europe until the seven- 
teenth century. Tea quickly estab- 


Grading dried tea before packing. 


Pruning a bush to maintain a supply of 


young shoots at a convenient height. 


y of TEA 


lished itself as the national drink in 
England and has since spread to 
British lands abroad. The United 
Kingdom, New Zealand, Eire and 
Australia fill the first four places ac- 
cording to the amount of tea consumed 
per head of the population. 


The Cultivation of Tea 

In India and most other tea-growing 
countries, tea is grown on large, well- 
organized estates. A rich, well drained 


= “PACKING 


soil as necessary. The plants are 
usually raised in a nursery and planted 
out in the fields when about a year old. 
More rarely the seed is sown straight 
into the fields. In recent years progress 
has been made with leaf-cuttings 
which may be used to obtain new 
plants. The advantage here is that the 
new plants are obtained more quickly 
and that they are exactly like the 
parent plants. Plants can be selected 


Plucking the young leaf (flush) on an 
estate. Two leaves and a bud (inset) are 
taken from each twig. 


easily for good yield or disease-resis- 
tance. 

The plants are spaced from three to 
four feet apart and at an early stage 
they are cut down to within a few 
inches of the ground. This makes them 
branch out to form bushes. Through- 
out its life the bush is pruned to keep 
it to a suitable shape and to maintain 
the production of young leaves, for it 
is these leaves that are harvested as 
the tea crop. The most suitably 
sized bush for picking is about 34 feet 
high and about the same in diameter. 

In the warm lowland regions a bush 
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may yield leaf in under thrte years 
and be fully developed in six, but 
growth is slower in upland regions. 
Only young leaves (called flush) are 
picked for processing and plucking 
is a skilled job. Normally, the two 
end leaves and the bud are picked 
from the shoots. These young leaves 
are a pale shiny green. In about a 
week, new leaves will have appeared 
and be ready for plucking. However, 


at higher altitudes, a fortnight or more 
may be needed to obtain new flush. 
Plucking is an all-year-round job in 
Ceylon and other places near the 
Equator but elsewhere is seasonal. 


Processing the Tea 

The factories are usually close to 
the plantations and receive the leaf 
within hours of its being picked. Black 
tea is the commonest form and it is 
processed in this way. On reaching the 
factory the leaf is spread out on racks 
and left for perhaps twenty-four hours. 
The leaves lose much of their water 


Tea entering a drier on a moving belt. 


called withering and it may be speed@ 
up by blowing currents of hot air o 
the racks. 

After withering, the leaf is rolled 
to break up the leaf cells and release 
the cell sap. After sieving to separate 
the mass of leaves, the tea passes to 
the fermenting room. Here, in a cool 
damp atmosphere, the leaf is oxidized 
under the influence of the enzymes 
from the sap. The leaf turns to a bright 
coppery colour in an hour or so. 

The typical black colour develops 
during the next stage which is drying. 
The leaf passes through an oven for 
about half an hour and the heat dries 
the leaf and»stops the oxidation pro- 
cess. Very careful regulation of the 
temperature is necessary to producesa 
good tea. 

When the leaf comes out of the dry- 
ing oven it is suitable for making a cup 
of tea but before reaching the shops 
two more important stages are passed 


through. The leaf is first of all graded — 


MAJOR TEA-GROWING REGION 


The major tea-growing areas. Little information is available for China but a lot of tea 
is probably grown on peasant farms for local consumption, The same applies to Japan. 


i.e. separated into broken and whole 
leaves. Broken leaf usually gives a 
stronger tea than whole leaf and is the 
most popular kind in Britain. Tea-leaf 
is very liable to absorb moisture and it 
is often passed through a drier again 
before packing. 

If the tea were sold to the house- 
wife at this stage it would vary from 
packet to packet ~ for soil and climate 
influence the flavour of the leaf. The 
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ts oxidized and turns orange. 


flavour even varies from week to week 
from one bush according to the 
weather. The big tea firms buy graded 
tea and then blend it. They may use 
tea from perhaps twenty different 
regions and experienced tea-tasters 
decide the proportions in which it 
should be mixed to maintain the 
standard flavour ofa particular brand. 


Green Ica and Oolong Tea are the, 
other major types of.tea. They differ’ 


from Black Tea in the processing. 
In the manufacture of green tea, the 
leaf is not withered but is straightaway 
heated up to more than 160°F (71°C) 


The Chemistry of Tea 


Tea contains a number of chemical 
substances, the chief ones being caffeine 
and tannin. The caffeine gives the tea 
its stimulating quality but hardly affects 
the flavour. Re-used tea-leaves will 
contain little caffeine and will not pro- 
duce a stimulating cup of tea. Tannin is 
responsible for the colour and the 
sharp taste of the tea. It does not dis- 
solve rapidly when the water is poured 
onto the tea but tea that has been 
standing too long will contain rather 
more than usual and will taste more 
bitter. Various essential oils give tea its 
flavour. There are traces of vitamins in 
tea but otherwise it is of no nutritional 
significance. 


in a steamer. This destroys the action 
of the enzymes and prevents fermen- 
tation. After rolling and drying, the 
tea is a greenish-grey colour. The 
flavour differs considerably from that 
of black tea. 

Oolong tea is made only in China 
and Formosa: It is withered and rolled 
and then partly fermented (oxidized) 
before drying. It is thus something 
of a cross between black and green 
tea. Oolong tea is popular in_ the 
United States. 


Leaf is fed in at the top of this tea-roller 
and ts crushed as the box rotates. 
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PRESSURE OF 
NITROGEN 
101-9 cm H 


In an experiment to 
synthesize air, nitro- 
gen, oxygen and argon 
are introduced into 
the three equal flasks, 
one gas in each. The 
pressures of these 
gases are arranged to 
be 177-9 cm, 48-0 cm 
and 2-1 cm Hg. 
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PARTIAL PRESS 


ACEORDING to the Kinetic 

Theory, the pressure of a gas 
results from the collision of its mole- 
cules with the walls of the containing 
vessel. As air is a mixture of gases, the 
molecules of each gas contribute to 
the total pressure of the air. 

The principal constituents of dry 
air are nitrogen (78% by volume), 
oxygen (21°% by volume) and argon 
(1%); so there are many more nitro- 
gen molecules than oxygen molecules 
striking the walls of a jar of air. In 
fact, the pressure produced at a 
fixed point by each type of molecule is 
directly proportional to the number 
of collisions and therefore to the num- 
ber of molecules of each substance. 
For every 100 collisions of argon 


PLUS 
ATMOSPHERIG | 
PRESSURE | = 


ALL FLASKS 
HAVE SAME 
VOLUME 


NITROGEN 
PRESSURE 
177-9 cm Hg 


URES 


molecules with the wall, there will be 
2,100 collisions of oxygen molecules 
and 7,800 collisions of nitrogen mole- 
cules with the wall. 

The pressure contributed by the 
nitrogen molecules is called the partial 
pressure of the nitrogen in the air. 
Likewise, the partial pressure of oxy- 
gen is the pressure resulting from 
the oxygen molecules present in the 
mixture colliding with the walls. The 
total pressure of the air is the sum 
of the partial pressures of all the 
different gases in the air. 

The law concerning the partial pres- 
sure exerted by the components of a 
mixture of gases had been deduced ex- 
perimentally by John Dalton in 1801 
well before it was justified by the Kine- 


CLOSED 


OXYGEN 
PRESSURE 
48-0 cm Hg 


tic Theory. Known as Dalton’s Law of 
Partial Pressure, it states that — 


The truth of this law may be demon- 
strated quite simply by allowing 
measured volumes of different gases 
at known pressures to mix. For in- 
stance, air can be synthesized if three 
flasks having the same volume contain 
respectively nitrogen, oxygen and ar- 
gon at 177-9 cm, 48:0 cm, and 2:1 cm 
of mercury pressure respectively, are 
allowed to mix. Once the taps sealing 
the individual flasks are opened, mole- 
cules of all gases quickly diffuse into 
all three flasks, so the partial pressure 


In a Victor Meyer determination of vapour density a sample displaced 63-70 cc of air, 
which was collected over water. Atmospheric pressure was 76-59 cm Hg. and the tempera- 
ture 17°C. Before the vapour density and molecular weight of the sample can be found, 
the volume of (dry) air displaced must be reduced to S.T.P (0°C, 76-00 cm Hg). 

(1) From tables the vapour pressure of water at 17°C = 1-45 cm Hg. 
Pressure of dry air = total pressure — pressure of water vapour 
= 76:59 — 1-45 = 75-14cm Hg. 


(2) To find volume of air at S.T.P. 
P, = 75-14cm Hg. T, = 273°A + 17°C = 290°A. V, = 63-70 cc 

GAS P, = 76-00cmHg. T, = 273°A V,=? 

In th tion — 
retsunins n the gas equation PV, P.V> 
Meee OF 5 Ti 
BY SAMPLE 75-14 x 63-70 76-00 x V, 

290 is 273 
Therefore Vi 75-14 x 63-70 _273_ = 59-3.cc. 
290 76-00 


Thus volume of dry air at S.T.P. displaced by sample = 59-3cc 


VALVE 
CLOSED 


When the valves of 
the three flasks are 
opened, the gases in 
them quickly mix by 
diffusion. The pres- 
sure of the mixture 
of gases is the same as 
that of the atmo- 
sphere, and has the 
same properties as dry 
air. 


NITROGEN, 
OXYGEN AND 


cm Hg. Adding together these three 
partial pressures gives the total pres- 
sure of the mixture 59°3 - 16°0 
0-7 = 76-0 cm Hg. 

It is generally more convenient to 
collect insoluble gases over water. but 
the samples rapidly become contamin- 
ated with water vapour. In many in- 
stances it does not matter if there is 
water in the gas. However, the 
presence of water vapour will upset a 
measurement of gas set free in an 
experiment. This can be one of the 
largest sources of error in the Victor 
Meyer determination of vapour den- 
sity and molecular weight of a volatile 
liquid. 

In carrying out this experiment, the 
air displaced by the vaporized liquid 
is collected over water, so the air is 
“saturated with water vapour. The 
liquid level in the collecting vessel 1s 
then adjusted so that the air is 
at atmospheric pressure. The volume 
of gas and its temperature are noted. 
The vapour pressure of water at that 


This apparatus for measuring the gases 


NITROGEN, 
OXYGEN AND 
ARGON 
MIXTURE — 
ATMOSPHERIC 
PRESSURE 


temperature is found from tables and 
this is deducted from the atmospheric 
pressure (read on an accurate baro- 
meter. The total pressure in the 
container is the pressure of the dry air 
plus the pressure of the water vapour. 
Normally the volume of the gas is ad- 
justed to the space it would occupy at 


standard temperature and_ pressure 


o Cand 76:0 cm Hg pressure ). This 

last calculation makes use of the gas 
equation. 

When experiments are being carried 
out at very low pressures (i.e. under 
high vacuum), great care has to be 
taken in choosing the grease for lubri- 
cating valves in the apparatus. This 
is because some of the greases which 
would otherwise be suitable have a 
vapour pressure of the same order as 
that in the apparatus. Then, as the 
air is extracted by the vacuum pump, 
the pressure does not fall, because 
more grease evaporates. Therefore 
the grease chosen must have a very 
low vapour pressure. 


dissolved in metals is run at a very low 
pressure. Special greases with negligible 
vapour pressures have to be used on the 
valves. 


of each gas will be one third of the 
pressure exerted by the separate gases 
in their original flasks. The partial 


‘ sal 
pressure of the nitrogen is : x 177°9 
cm of mercury (cm Hg) = 59:3 cm Hg 


while that of oxygen is, XK 48-0 = 16°0 


cm Hg and of argon is ; eB SOF 


In a mixture of gases each gas exerts the same pressure as it would produce if ut alone filled 
the space. Thus the nitrogen in the air exerts 78°, 59° 3.0m Hg) of the total pressure while 
the oxygen exerts only 21°,, (16-00m Hg.. 


PRESSURE OF NITROGEN 
PROPORTIONAL TO NUMBER 
OF NITROGEN MOLECULES 


PRESSURE OF OXYGEN 
PROPORTIONAL TO NUMBER 
OF OXYGEN MOLECULES 
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MAX PLANCK 


- [he Quantum 
Theory 


BY the end of the nineteenth century it was thought that 

all the basic laws of physics had been discovered and 
that from then on it would only be a question of filling in 
the details. A problem which was occupying the attention 
of scientists at the time was the distribution of energy in 
radiation from hot bodies. Among these scientists was a 
young physicist in Berlin called Max Planck. 

Max Karl Ernest Ludwig Planck was born in Kiel, 
Germany, in 1858 into a family of lawyers. He went to the 
Universities of Munich and Berlin and was awarded his 
doctorate at Berlin in 1879. Having worked as an assistant 
in the physics department of the University of Munich, he 
returned to his home town, Kiel, to take up the professor- 
ship of physics there. All the while he was working on the 
problem of thermal radiation. His interest in the subject 
had been stimulated by his colleague Gustav Kirchhoff at 
Berlin. In 1889, when Kirchhoff retired from the professor- 
ship of physics in Berlin, Planck took his place. 

The problem of the radiation from hot bodies was a 
riddle. If a perfect radiator (a poker painted with lamp 
black is very nearly one) is heated up, it starts to radiate 
heat waves. These heat waves are exactly like light waves 
only they have a longer wavelength. At all temperatures 
the heat is not of one wavelength but is spread over a part 
of the spectrum. The part of the spectrum includes visible 
light if the poker is hot enough. 

The problem facing scientists at the time was to find a 
mathematical equation which would describe this distri- 
bution of energy among the various wavelengths of 
radiation given out. If light and heat were supposed to be 
wave motions then it should be easy to find this. Attempts 


Me Planck was one of the outstandin g physicists of this century. 
He introduced the idea that energy is not continuous but is split up 


into discrete quanta. 


to explain the distribution of heat radiation as a wave 
motion failed. Then, in December 1900, Planck published 
a paper in which he put forward an almost incredible idea. 

If energy could be viewed as made up of discrete bundles 
or quanta and not as a continuous wave, then it would be 
possible to explain the spectrum of thermal radiation. 

In 1918 Max Planck was awarded the Nobel Prize for 
his discovery. Like Albert Einstein he was a musician. The 
two of them entertained their circle in Berlin before the 
1st World War ~ Planck at the piano, Einstein at the violin. 
Planck retired from teaching at Berlin University in 1926 
and died at G6ttingen in Germany in 1947. 
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CELL 
LIGHT CAN BE CONSIDERED AS 
TRAINS OF ELECTROMAGNETIC 
WAVES, OR AS STREAMS OF 
ENERGY QUANTA TRAVELLING BEAM OF 
WITH THE VELOCITY OF LIGHT. ULTRA-VIOLET LIG 


ELECTRONS 
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PHOTOELECTRI 
EMISSION 


1632 


Finding Planck’s constant h 


Planck’s formula for the bundles of energy (quanta) in a wave is 
Energy of quantum = h x frequency of the wave. 

h is called Planck’s constant. A beam of ultra-violet light of 

one wavelength is a stream of quanta of equal energy. When 


these quanta hit a metal plate in a vacuum they knock out 
electrons from it (photoelectric emission). By measuring the 
energy of the knocked-out electrons and knowing the fre- 
quency of the light Planck’s constant h can be calculated. It 
turns out to be a very small quantity indeed but is of great 
importance. 
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AMOE 


-THE SHAPE 
GHANGER 


S!MPLE, one-celled creatures (pro- 

tozoans) are as fascinating to study 
as the more complex, many-celled 
animals. For within these tiny specks 
of living matter, most of them invisible 
to the naked eye, all the process of 
life takes place — feeding, breathing, 
growth, excretion, sensation and re- 


When food is plentiful amoeba reproduces 
then the rest of the cell. 


production. 

Amoeba is one of the simplest proto- 
zoans and belongs to a group called the 
Rhizopoda (Greek, rhiza, root; poda, 
feet). It lives in moist surroundings — 
ponds, ditches, seas and damp soils. 
Some specialized species even live as 
parasites inside the bodies of other 
animals. The disease dysentery in Man 
is caused by one such type of amoeba. 

To the naked eye, the largest 
amoeba is just visible as a whitish blob. 
Under the microscope, the blob can be 
seen to be a definite animal. But it isa 
very strange one. It has no shape, or 
rather the shape is permanently 
changing. And as the shape alters so 
does the animal’s position. An arm- 
like projection (the pseudopodium or 
‘false leg’) advances from a point on 
the surface and the living matter 
behind moves forward into it. The 
creature appears to flow across the 


In drought or cold, a tough coat is secreted. 
Inside, numerous amoebulae are formed. 


TOUGH 


AMOEBULAE 
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microscope’s field of view. 

This curious method of locomotion 
depends upon alteration in structure 
of the living material. There is a thin, 
solid outer-layer (ectoplasm) and an 
inner fluid (endoplasm). Where a pseu- 
dopodium forms, the solid ectoplasm 
liquefies and flows forward by con- 


by dividing in two. First the nucleus divides, 


traction of the solid ectoplasm clse- 
where. The fluid in contact with the 
surface soon solidifies once more, but 
then the whole process is repeated. 


The formation of pseudopodia also 
enables amoeba to feed. It engulfs 


microscopic organisms with cup- 
shaped pseudopodia. Inside the body, 
the food is surrounded by digestive 
enzymes. Undigested residues are 
easily lost; the amoeba simply flows 
away from them. 

For respiration — the taking in of 
oxygen and removal of carbon dioxide 
— the gases simply diffuse through the 
whole of amoeba’s permeable surface 
layer. Soluble nitrogen-containing 
wastes, produced by the amoeba’s 


AMOEBA 


Under the microscope, a bubble of 
liquid can be seen to form periodically 
inside an amoeba’s body. The bubble 
grows and grows until finally it bursts, 
releasing the water to the outside. This 
bubble is the contractile vacuole and its 
function is to remove the excess water 
passing by osmosis into the animal. 
Otherwise the animal itself would 
burst. 

The nucleus can be clearly seen 
with the microscope as a darkish spot 
inside the body. It controls the whole 
course of life and an amoeba deprived 


Amoeba moves by forward flow of its living 
material. 


ECTOPLASM 


NDOPLA\ 


PSEUDOPODIUM 
FORMING 


of its nucleus soon dies. The nucleus is 
especially important during reproduc- 
tion. This takes place when food is 
plentiful and amoeba can grow to its 
full size. Then the nucleus divides 
followed by division of the rest of the 
cell. The two new amoeba increase in 
size and may themselves divide. 

During droughts or severe cold, 
amoeba withdraws all pseudopodia 
and secretes a tough coat or cyst. The 
cyst with its contents is called a spore. 
Each spore is very light and may be 
blown by the wind to new surround- 
ings. Inside the cyst, the original 
animal divides to form numerous 
smaller individuals (amoebulae). In 
favourable conditions the cyst breaks 
down and releases them. 


The spore may be blown to better sur- 
roundings and the tough coat then breaks 
down. 


| ORGANIC CHEMISTRY | 


GOING DOWN 
THE SERIES 


A LARGE number of organic (car- 

bon containing) compounds 
occur naturally in living organisms or 
can be obtained from substances like 
coal or oil. Many more compounds 
have been prepared using these natur- 
ally occurring compounds as_ the 
starting materials. 

The majority of organic compounds 
can be divided into families according 
to the active groups, such as chloride 
(—Cl), carboxyl! (—COOH) or 
amino (—NHg), which they contain. 


The members of each family differ. 


from one another in the number of 
carbon and hydrogen atoms in them. 
For instance methanol, ethanol, pro- 


SODIUM DICHROMATE 


panol and butanol are all aliphatic 
alcohols — they contain the hydroxyl 
(—OH) group. These four compounds 
differ from one another only in that 
they contain methyl (CH;—), ethyl 
(C,;H;—), propyl (C3H,—) and butyl 


Such a series of 
the formulae of 
which differ by 2, Is known as a 
homologous series. 
Only some members of the various 
ies can be obtained 
es, so that if the 
e needed they have 
to be prepared from other compounds. 
It is often convenient to use the next 


homologue (either above or below) as 


from natural sou 
missing members 


the starting point. Then by a sequence 
of four or five reactions it is possible to 
introduce an extra CH, unit into the 
chain or to remove one from it. 

The length of the carbon chains can 
be increased and the homologous series 
ascended by replacing the active group 
in the compound ‘with a cyanide 
(—CN) group, while the chain can be 
shortened and the series descended by 
removing a CH, unit. This unwanted 
CH, group is eliminated by incor- 
porating it in a carboxyl (—COOH) 
group. In subsequent reactions this 
group undergoes changes until it is 
eventually replaced by an active group 
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BUTYRATE 
FORMED 


Amide to Amine 


It is at this stage that the un- 
wanted carbon atom in each 
molecule is removed. An alkaline 
solution of the amide and bro- 
mine is added slowly to warm, 


dilute um hyroxide solu- 
tion. a weevagiee roduced _ 
by this reaction is distil ed off. 


~S ; 
te 


containing no carbon atom. And once 
there is the correet number of CH, 
units in the carbon chain, it is a com- 
paratively simple Step to substitute one 
active group for another until the 
required compound is obtained. 

The conversion of butyl alcohol into 
propyl alcohol is a convenient demon- 
stration of the series of reactions which 
is used to go down the homologous 
series. However, as propyl alcohol is 
readily available) from commercial 


ALKALINE BUTYRAMIDE 
SOLUTION AND BROMINE 


DILUTE POTASSIUM 
HYDROXIDE SOLUTION 


PROPYLAMINE 


sources, it is unlikely that it would have 
to be prepared in the laboratory. 

There are five stages in the conver- 
sion. First, the alcohol is oxidized to the 
corresponding carboxylic acid. The 
ammonium salt of the acid is formed 
and this is heated to give the amide. It 
is in the next step — converting amide 
to amine — that the unwanted carbon 
atom is removed. Finally the amino 
group in the amine is exchanged for 
an hydroxyl group to give the required 
alcohol. 


0868” 


NITROUS ACID 
O, 
A 
tise 
if 
, 


NITROGEN 
POTASSIUM POTASSIUM 
CARBONATE K,CO, BROMIDE 


N-PROPYL ALCOHOL 
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C,H,NH 
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PHYSIOLOGY 


The skin contains a mass of elastic fibres 
which keep it taut and smooth. In old age 
(right) the elasticity fails and wrinkles 


appear. 
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THE SKIN 


and What 
it Does 


protoplasm and end up as horny scales 
which flake off as scurf. On some parts 
of the body, however, these cells build 
up thick horny layers (e.g. the sole of 
the foot). Hair, nails and feathers are 
all outgrowths of the epidermis. 
Underneath the Malpighian layer 
is the dermis. It is composed largely of 
connective tissue and, unlike the epi- 
dermis, contains many nerves and 
blood vessels. Elastic fibres in the der- 
mis give skin its elasticity but in old 
age, the skin loses this property and 
wrinkles develop. Thgupper layer of 
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EAT GLAND 


FAT GLOBULES 


A section through the human skinShowing the sweat glands and a hair follicle. 


A FULLY-GROWN human being 

may have up to twenty square 
feet of skin. This skin, however, is 
more than just a boundary, more than 
just a covering for the underlying 
muscles. The skin is an essential organ 
performing a number of vital func- 
tions. 

There are two distinct regions in the 
skin — the outer epidermis and the dermis 
underneath it. The innermost layer of 
the epidermis is the Malpighian layer. 
Its cells are living and divide quite fre- 
quently in a plane parallel to the skin 
surface. This layer contains pigment 
and is responsible for the colour of the 
skin. As the cells of the Malpighian 
layer divide, the outer ones are pushed 
towards the surface and become flat- 
tened. They gradually lose all their 
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the di mis is irregular and the pattern 
faithfully by the epidermis. 
This is why, %f,the outer skin of the 
finger-tips is damaged, the finger- 
print pattern reappe' nd remains 
the same throughou N 
The functions of the Skin” 
One of the most obvious functt 
the skin is that of protection. ~ 
elasticity is some protection agains 
mechanical damage and its waterproof 
quality prevents excessive water-loss. 
The skin also prevents the entry of 
germs which could harm the body 
tissues. 
Temperature Control 
Man, like birds and other mam- 
mals, 's warm-blooded. His tempera- 
turc remains constant within a degree 
or so of 98: 4°F. The skin plays an im- 


the root and papilla. 


portant part in keeping this tempera- 
ture constant. If, for any reason such 
as vigorous exercise or fever, the body 
temperature rises, the temperature of 
the blood reaching the brain will be 
higher. Nerve impulses are then sent 
out to the blood vessels and muscles of 
the skin. The vessels widen and carry 
more blood close to the skin surface 
and the blood loses heat to the air. 
This increased blood-flow produces a 
flushed appearance. 

When the body-temperature falls, 
several changes occur. The chemical 
reactions within the body are usually 
speeded up to produce more heat 
energy. Shivering may occur ~ this is 
a subconscious act that, through mus- 
cular action, produces warmth. 
‘Goose-pimples’ also may appear. 
These are more or less ‘relics’ from 
Man’s early history. They are pro- 
duced by the contraction of the tiny 
muscles attached to the hairs of the 
skin. Other mammals are able to 


A greatly magnified hair follicle showing 


6.1 OOD SUPPLY 
TO PAPILLA 


fluff up their hairs by contraction of 
these muscles. This traps a thicker 
layer of air around their bodies and 
reduces heat-loss. 

The blood-vessels of the skin con- 
tract when the body temperature falls 
and less heat is lost to the air. The 
skin is then pale for less blood is 
flowing near the surface. There is, 
however, another very important tem- 
perature control mechanism — sweating. 
Sweating 

A scientist named Kuno has estima- 
ted that the human body has perhaps 
three million sweat glands scattered 
over the surface, although they are 
more concentrated on the soles of the 
feet and in the palms of the hands. 
Sweat glands are tiny coiled tubes 
lying in the dermis and opening onto 


the skin surface. Water and various 
salts accumulate in the tube and pass 
out onto the skin surface where the 
water evaporates. Asa rule, it evapora- 
tes immediately and is unnoticed but 
the total cooling effect of the evapora- 
tion is quite considerable. In a humid 
climate, or during exercise, sweat may 
be unable to evaporate fast enough 
and beads of perspiration form on the 
skin. Sweating is controlled by the 
nerves and in cold weather the rate is 
reduced. The water and other waste 
materials still have to be removed, 
however, and this explains the greater 


Dogs and other hairy animals have only a 
few sweat glands. In hot weather they pant 
Jreely and are cooled by the evaporation of 
water from the mouth. 


The finger print pattern is controlled by the 


underlying dermis. It remains the same 
always and thus can be used for identifica- 
tion purposes. 


The skin is important in temperature 
regulation. When the blood is too warm, 
messages from the brain cause the blood 
vessels in the skin to expand. More heat is 
then lost. The vessels contract when it is 
cold and the: skin becomes pale. 


In cold weather, animals fluff up their hair 
to trap a greater layer of warm air. In man, 
the same muscles throw the skin into 


‘goose-pimples’ (above). 


number of visits to the lavatory in cold 
weather. The salts passed out with 
sweat are not all waste and include 
some sodium chloride or common 
salt. The salt content of the diet 
should be increased in hot climates. 
Hair 

Although hairs appear to come from 
the dermis they start in the epidermis. 
The epidermis grows down into the 
dermis to form tiny pits. They are 
found all over the body except the 
soles and palms. The pits, called 
follicles, have a bulge at the bottom 
rather like that at the bottom of a 
wine glass. Under the bulge is the hair 
papilla which feeds the hair. Cells at 
the base of the follicle divide re- 


peatedly and the new cells are pushed 
outwards. oad a die but do not 


break off: the chain of dead cells 
forms the hair. The hair colour is 
determined by pigments. Its greasiness 
is caused by the secretion of the 
sebaceous gland. 

Hair traps a layer of air between 
itself and the body and helps to main- 
tain an even temperature. A tiny 
muscle attached to each hair can alter 
its position, although these muscles are 
very weak in Man. Hairs have tiny 
nerves around the base and are sensi- 
tive to touch. Some hairs have extra 
nerves and are extra-sensitive. The 
cat’s whiskers are very sensitive to 
touch. 

Birds also keep warm by fluffing up their 
feathers which, like hairs, are outgrowths of 
the skin. 
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| ELECTRICITY | 


DIRECTION OF MOTION 


When a magnet is moved 
near a coil, a voltmeter 
connected across the “coil 
shows a deflection. 


ORDINARY PERMANENT 
MAGNET 


THE CURRENT IS DUE 


TO THE MAGNETIC FIELD 
OF 


THE MAGNET CUTTING 


ELECTRON 
CURRENT 


When it=moves=the other 
way a deflection in the 
opposite direction occurs. 


IUGH THE TURNS OF THE COIL 


If the"magnet stops moving — 


the deflection falls to zero. 
The induced voltage has 
been due to the movement 
of the magnet. 


the deflection is 


THE CURRENT IS PROPORTIONAL 
TO THE RATE AT WHICH THE 
MAGNETIC FIELD CUTS THE COIL 


-- 


\f the magnet moves rapidly, 
much 


greater. 


THE INDUCTION COIL 


O send a spark between the elec- 

trodes of a sparking plug in a 

car, a voltage difference of perhaps 

10,000 volts has to be generated. How 

is this derived from a car battery, 

where the voltage difference between 
the terminals is only 6 or 12 volts? 

In a car’s ignition system electrical 
energy is taken from the battery and is 
changed into electromagnetic energy. 
The electromagnetic energy is then 
reconverted into electrical energy in 
the sparking plug circuit. The low 
voltage battery supply has been used 


ADJUSTABLE 
SPARK 
TERMINALS 


INSULATING 
PILLARS 


SECONDARY 
COIL 
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to produce a high voltage in the spark- 
ing plug, and this has been done by 
changing the one form of energy into 
the other, and back again. 

The process of changing electromag- 
netic energy into electrical energy is 
called electromagnetic induction, and was 
first described by Michael Faraday. 
He showed that when the magnetic 
field inside a coil of wire is changed, a 
voltage difference is induced across the 
ends of the wire. 

This may be demonstrated in a 
simple experiment. If a bar magnet is 


BREAK SWITC 


MAKE AND BREAK PLATINUM 
CONTACTS 


quickly plunged into a coil of wire, the 
needle of a voltmeter connected across 
the ends of the coil will give a small 
kick. If the magnet is then quickly 
withdrawn, the needle will jump 
again. If the magnet is kept quite still, 
either inside or outside the coil, 
nothing will happen. The movement of 
the magnet has caused the change in 
magnetic field necessary to produce 


SPARK GAP 


TURNS 


LAMINATED 
IRON CORE 


CONDENSER PREVENTS 
SPARKING AT CONTACTS 


ON OFF SWITCH 


= 6-12V BATTERY 


CONTACT ADJUSTER 


ON-OFF SWITCH CAN ALSO REVERSE THE 
CURRENT 


A modern induction coil 
which gives sparks up to 6” 
long. 


PRIMARY CIRCUIT 


Ten times the number of turns is found to give a deflection ten times greater. 


the voltage difference shown by the 
voltmeter needle. The quicker the 
movement of the magnet, the larger 
is the jump of the voltmeter needle. 

There are other ways, apart from 
moving a magnet, of producing a 
changing magnetic field. If a current 
is passed through a coil, a magnetic 
field is set up. (A long solenoid coil acts 
just like a long bar magnet, with a 
North pole at one end, and a South 
pole at the other when a current passes 
through it.) If the current in the coil is 
suddenly switched off, the magnetic 
field will very quickly die away. This 
has just the same effect as very quickly 
withdrawing a bar magnet. When the 
current is switched on again the mag- 
netic field is again established, and this 
is like bringing up a bar magnet. So, 
switching the coil current on or off is 
equivalent to bringing a bar magnet in 
or out of the coil. The changing mag-. 
netic field creates a series of current 
pulses in the coil, and the voltmeter 
needle shows a succession of kicks. 

If the number of turns in the second 
coil is increased, the size of the kick 
is increased. The voltage induced in 
the coil is proportional to the number 
of turns in the coil. So, low voltage 
electrical energy can be drawn from a 
battery in the circuit of the first 
coil and transformed into high voltage 
electrical energy in the second coil by 
the process of making or breaking the 
circuit. 

This is basically what happens both 
in the ignition system of a car and in 
the induction coil, which is used in 
laboratories to produce high voltage 
sparks from low voltage batteries. 

In the induction coil, two coils, the 


DEFLECTION OCCURS 
WHEN SWITCH IS OPENED 
OR CLOSED 


SWITCH - 


. ei ee as 2 
Instead of a moving magnet, 
an electromagnet switched 


If the electromagnet is put 
inside the coil, a greater de- 
flection occurs. When the 
number of turns on the coil 


umber a larger vol re- 
sults and if 5 
‘© open and close very rapidly, 
he arrangement is called an 
nductiorn-cott: 


SWITCH 


on and off near the coil 
would have the same effect. 


SPARKING § ¢ : 
PLUGS DISTRIBUTOR 


SECONDARY 
(MANY TURNS) 


PRIMARY 
CONDENSER 


Z 


ROTATING OO 
CAM 


SWITCH 


primary and secondary, are wound on a 
single soft iron core. The secondary 
is wound outside the primary and is 
insulated from it. In series with the 
primary is connected the low voltage 
battery and a ‘switch’. This ‘switch’ 
is one that ‘makes’ and ‘breaks’ itself. 
The switching arrangement is, in 
fact, similar to that in an electric 
bell. When the current is switched on 
the iron core becomes a magnet that 


attracts a soft iron armature. In doing 


so, the primary circuit is broken and 
the current flow stops. As the current 
flow stops, the iron core is demagneti- 
zed, and the armature is no longer 
attracted and springs back into posi- 
tion to ‘remake’ the current. Current 
then flows in the primary and the pro- 
cess repeats itself. Each time the 
armature is jerked across, the current 
is made or broken in the primary so 


Motor Car ignition 


In a car engine the explosions in the 
cylinders occur in a definite order. 
The two terminals of the secondary 
coil are to be found in each spark 
plug. The make and break switch is 
not used, but is replaced by an irregu- 
lar shaped wheel or cam, geared to the 
engine. As the cam rotates it opens 
and closes a switch in the primary. 
The shape of the cam is designed so ~ 
that the sparks occur at the right 
compression moment. The distributor 
is a moving switch which distributes 
the sparks to the different cylinders 
in the correct firing order. When 
the engine speeds up, so does the cam 
and distributor arm, and the rate of 
sparking increases. 


that the magnetic field in the core is 
either set up or removed. As a result of 
this, a voltage kick appears in the 
secondary. 

The difference between the primary 
and secondary coils is that whilst the 
primary has relatively few turns of 
thick wire, the secondary has many 
turns of thin wire. This means that a 
high current can flow in the primary, 
where the electrical resistance is low. 
In the secondary, the resistance is 
high, and only a small current flows, 
but the induced voltage is very high 
because of the large number of turns.. 

In the induction coil the secondary 


is connected across an adjustable spark . 


gap. When the coil is switched on, the 
make and break switch is set into 
operation and a succession of high 
voltage pulses in the secondary creates 
a succession of sparks in the spark gap. 
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METEOROLOGY 


SNOW 
and 
HAIL 


HE feathery white tops of cirrus 
clouds (the highest clouds in the 
Earth’s troposphere) are ice-crystals, 
frozen into six-sided columns about 
half a millimetre long. In temperate 
regions, ice forms in clouds lower down 
in the atmosphere. The temperature 
of the atmosphere normally decreases 
with increasing height. Ice crystals are 
liable to form in a cloud wherever the 
temperature drops below the freezing- 
point of water. 


The shapes of ice-crystals in clouds vary 
with the height at which they form. 
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WHITE DOTS REPRESENT 
WATER DROPLETS 

BLUE DOTS REPRESENT 
CONDENSATION NUCLEI 


A cloud is formed from minute droplets of water suspended in the air. The droplets have 


been evaporated from the Earth’s surface. 


With the exception of cirrus clouds, 
clouds consist mainly of tiny water 
droplets (cloud droplets), dispersed so 
that they can remain suspended in the 
air. As long as the cloud stays in this 
form, none of its moisture falls as rain. 
The form is changed if the cloud drop- 
lets freeze into ice crystals. 

But although it may be cold enough 
for cloud droplets to freeze, they do not 
necessarily do so. It seems that the 
cloud droplets can remain unfrozen 
when the temperature is as low as 
— 40°C. Between 0°C and — 40°C, the 
cloud droplet cannot start to freeze by 
itself. Larger particles — crystals of dust 
swept up into the cloud — are needed 
as a starting point, or nucleus. Six-sided 
crystals are more efficient nuclei than 
any other shape of crystal, because the 
ice crystal is also six-sided. One type 
of crystal grows better on another type 
of crystal if they both have the same 
crystalline shape. 

If there are no convenient nuclei 
around in the cloud, the minute drop- 
lets of water do not freeze. But at 
—4o°C, water freezes without the 
need for a central nucleus. 

Once they are started, ice crystals 
grow rapidly. More water droplets 


RAIN-MAKING CRYSTALS 


join on around the available crystals. 
Conditions within the cloud dictate the 
form the crystal takes. They grow into 
long columns in the cold upper regions 
of the troposphere. Lower down, when 
currents of air in the cloud are not too 
violent and the temperature is only a 
few degrees below freezing, the ice- 
crystal grows into a feathery snowflake. 
In a thundercloud however, turbulent 
currents of air toss the ice-crystals, and 
the usual product is a_ Aailstone. 
Thunderclouds are deep and extend 
upwards beyond the level where water 
freezes. Some of the ice crystals form- 
ing at the top of the thundercloud fall 
down through the cloud. Cloud drop- 
lets freeze on the crystal at high levels 
of the cloud, covering it with frost. At 
lower levels water droplets which are 
being carried upwards through the 
cloud freeze on to the frosted crystal to 
form a hard lump of hail. As the ice 
crystals are tossed about in the cloud, 
they rub against each other. The hail- 
stone ts smoothed into a round ball and 
the crystals become electrically char- 
ged by friction with the surrounding 
up-currents of air. 

By forming hail or snow, the cloud 
droplets grow into much bigger units. 


Making Rain 


It is thought that the main reason 
why clouds do not precipitate their 
moisture is a lack of nuclei on which 
the ice-crystals can start. Modern 


rainmakers spray clouds from above 
with silver chloride crystals, to make 
up for the lack of convenient nuclei. 
Six-sided crystals are the best rain- 
makers. 
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More molecules of water are frozen 
together to occupy a smaller space, 
and so the frozen crystals are denser 
than the original minute cloud drop- 
lets. Consequently, they tend to drop 
through the cloud, joining on to other 
snowflakes on the way. If the air below 
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Sand is sprinkled 
on to the six-sided 
_ plate. 


Sand is throw 
away from the vi- 
brating parts of the 
disc. a 


sult. 


The Growth of a Snowflake _ 


A snowflake is a complex crystal, but 
it is always symmetrical: it has a basic - 
six-sided shape, the result of ‘hydrogen | 
bonding’ between the hydrogen atoms _ 
in the water molecules. The first part 
of the crystal to grow is the centre, 
which starts on a six-sided nucleus. © 

On to the nucleus grow the ‘arms’ of 
the flake, and more cloud droplets to 
join on to form the feathery fronds of 
the crystal. The same featheriness 
appears in frost patterns on cold 
window-panes. But these frost patterns 


y ; 

AIR CURRENT 

Before the cloud can release its moisture as rain, snow or hail, the 
cloud droplets join together to form heavier ice crystals. 


An experiment to show how 
snow may form 


When the plate is 
vibrated like this, 
a star shaped pat- 
tern is formed. 


When the plate is 
connected to an > 
£ oscillator, many dif- 

ferent patterns re- 


ICE CRYSTALS 


they fall as rain. 


is warm, the hail or snow melts on the 
way, and falls as rain. 

Hail, sleet, snow and rain are all 
examples of precipitation. They are 
forms in which water can fall from a 
cloud. All kinds of precipitation start 
with the growth of the cloud droplets 


VIOLIN 
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are never as symmetrical asasnowflake. _ 
__ The window-pane is stationary while 
_ frost is forming on it, but the snow- 
flake is falling gently through the 
cloud. Vibration as the cloud droplet 
falls is thought to account for the 
remarkable symmetry of the snow- 
flake. A simple experiment demon- 
strates this. The snow nucleus is 
represented by a six-sided plate and 
the unfrozen cloud droplets by a thin 
sprinkling of sand on the plate. The 
plate is made to vibrate slightly, copy- 
_ing the effect of vibration as the snow 


. . . » 
fem CLOUD 
Pigg COLLAPSES 


The heavier ice crystals drop down through the cloud. If they melt, 


into a bigger, denser unit. In tem- 
perate regions the droplets usually 
grow by becoming ice crystals. Near 
the Equator temperatures are too high 
for ice to form, and_ different 
mechanisms have been proposed to 
account for precipitation. 


crystal falls. The sand redistributes 
‘itself in snowflake-like shapes, which 
can be varied by altering the fre- 
quency of the vibrations. While the 
plate is vibrating, the shapes are 
always symmetrical. Sand is flung away 
from some parts of the disc by the 
vibrations, and collects on the parts of 
the disc which are vibrating least. If — 
“more sand accumulates in any part of 
the plate, it weighs down this part. The 
change is transmitted to all parts of 
the plate and the grouping of the sand 
grains becomes symmetrical again. 
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| PALAEOGEOGRAPHY | 


CRETACEOUS BRITAIN 


A PTERODACTYL 
~ SUCH FLYING 
REPTILES FILLED 
THE CRETACEOUS 
SKIES 


IGUANODON 


A 14-FOOT HIGH PLANT- 
EATING 

DINOSAUR OF 
CRETACEOUS 

TIMES 


AN ELASMOSAUR - A GIAN 
SEA-DWELLING 
CRETACEOUS REPTILE 
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At the end of Cretaceous tim®™ 
the dinosaurs and other great 


rehtiloc horamo  ovtinet 


HE aces earn piesame its 
title from the Latin word, creta, 
meaning chalk. Chalk is a dazzling 
white, very pure limestone (limestone 
is made of calcium carbonate) and in 
Britain forms the Wolds of Lincoln- 
shire and Yorkshire as well as the 
Chiltern Hills and the Downs of 
Southern England. Along the coasts, 
it outcrops as spectacular white cliffs 
and where it is worked for lime, the 
quarries appear as white cuttings in 
the green hillsides. 

Chalk was formed in the clear warm 
seas that lay over most of Britain in 
Upper Cretaceous times. In Lower 
Cretaceous times the conditions were 
very different; so were the sediments. 
Lower Cretaceous Times 

At the start of the Cretaceous period 
130 million years ago, most of Britain 
was land. The site of London stood on 
a ridge which ran eastwards into 
Belgium, westwards into the English 
Midlands. South of the ridge lay a 
shallow, fresh-water basin — the same 
basin in which the last Jurassic rocks 
had accumulated. Northwards in Lin- 
colnshire and Yorkshire, a new sea 
had invaded the land from the east. 

The sediments of these two areas, 
though of the same age, are of com- 
pletely different types. To the south, 
they are alternating sands and shales 
(Wealden Beds) which were laid down 
as a delta by rivers draining the Lon- 
don ridge and land masses of Western 
England and Wales. Some of the sedi- 
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ment, especially the clays, was deposi- 
ted in deeper water, probably after 
the delta floor had suddenly subsided. 
There were times, however, when sedi- 
ment accumulated to such an extent 
that the delta emerged out of the 
water. Preserved in sandstone slabs 
are impressions of rain pits, and rep- 
tilian foot marks as well as ripple 
marks (made in shallow water) and 
sun-cracks. Swamps even formed, for 
fossil soil beds with ancient relatives of 
todays’ horsetails are known. 

While giant reptiles such as /guano- 
don strode about on the sandy flats and 
in the swampy waters of the Wealden 
delta, a blue marine clay (Speeton Clay) 
with fossil ammonites accumulated in 
the seas over Yorkshire. 

A strong advance of the ocean must 
next have taken place. The delta 
covering the Weald and much of 
Hampshire and Dorset became sub- 
merged under salt water as the sea 
encroached upon the London ridge 
from the south. To the north, the sea 
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wo 
CRETACEOUS 
SCALLOPS 
similarly advanced and the two seas 
finally joined in a narrow corridor at 
the western margin of the ridge. 

In Southern England, the sediment 
laid down in the shallow water is 
known as the Lower Greensand. In 
places there are indeed sandstones 
with a greenish tinge (caused by 
traces of a green mineral called 
glauconite). But in general, the sedi- 
ments are so variable in type, colour 
and thickness that the title is used only 
for convenience. To the north of the 
London ridge the rocks equivalent 
in age to the Wealden ‘Lower Green- 
sand’ are yellow sands, especially 
thick in Norfolk and Bedfordshire. 

Another great advance of the sea 
followed, probably almost submerging 
the London ridge and extending as far 
West as Dartmoor and possibly Wales. 
In the centre of the sea sticky, blue 
Gault Clay formed. It consists of very 
fine clay particles and is rich in fossils. 
Towards the shore-lines coarser rock 
fragments, brought from the land by 
rivers, still accumulated in shallower 
water, and are today called the Upper 
Greensand. The name is more appropri- 
ate for this sediment is mostly sandy 
and coloured green by glauconite. In 
Norfolk, Lincolnshire and Yorkshire — 
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The strong streams from high land 


can carry large quantities of coarse rock fragment (left 
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line shows how 
far the sea ad- 
vanced west- 
ward in Upper 
Cretaceous 
times. 
areas which were far from land — a few 
feet of the so-called ‘Red Chalk’ was 
laid down. It is a brick-red, gritty 
limestone very rich in fossils. 
Upper Cretaceous Times 

In Britain all the earlier advances 
of the seas culminated in a final burst 
forward westwards as far as Ireland, 
northwards to Scotland. Probably 
only the highest peaks of present 
Wales, Scotland and the Lake District 
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Low-lying land provides little or no sediment (right) and this is thought to be the condition 
during the formation of the very pure chalk. 


Under an ordinary microscope chalk 
can be seen to consist of fragments of 
broken shells set in a very fine-grained 
powder. The powder was long thought 
to be of inorganic origin —a mere ooze 
precipitated from the sea-water. But 
under the electron microscope the 
very fine particles could be seen to be 
the complete or broken skeletons of 
shelly algae. The complete skeletons 


are called coccospheres, the broken 
fragments are called coccoliths. 

Close relatives of these Cretaceous 
algae are found today at depths of only 
600 feet. The Cretaceous sea therefore 
was probably never very deep and the 
purity of the chalk is thought due to 
a very small supply of weathered rock 
fragments from the flat desert lands 
of the time. 
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remained above the surface of the 
water. Chalk was no doubt formed 
over the entire region but today has 
been largely removed by erosion. 

The earliest chalk sediment is greyish 
in colour and contains up to 50% of silt 
and other impurities. Slowly the seas 
cleared and the chalk became steadily 
whiter and purer. Fossils of echinoids, 
crinoids, brachiopods, ammonites and 
molluscs are known. The land masses 
surrounding the sea must have been 
almost flat and unable to provide 
much sediment. In N.E. Ireland and 
West Scotland however, coarse sand- 
stone is known to be of Upper Cretace- 
ous age and these deposits must repre- 
sent localized areas near the shorelines. 
Rivers must have flowed gently from 
the land into the Upper Cretaceous 
sea, however, for a constant supply of 
calcium carbonate was essential for 
the great thicknesses of chalk to form. 

In the uppermost chalk, bands of 
flint (glassy silica, SiO.) occur. Prob- 
bably they are made from the silica of 
Cretaceous sponge skeletons dissolved 
at a later date by percolating water. 
This silica then re-solidified about | 
fossils or simply formed irregular- 
shaped lumps (nodules). 
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WAVES crashing up to a beach, 

light waves, radio waves and 
sound waves all have certain proper- 
ties in common. A_ wave travels 
through space or a material with a 
certain speed. Light or radio waves are 
variations in electric and magnetic 
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Longitudinal waves of sound in 
an organ pipe. 


fields. Sound waves, water waves and 
earthquake waves are produced by 
each molecule striking its neighbour 
and so on down the line. All waves are 
alike in that they all interfere, diffract 
and reflect. 


ONE WAVELENGTH 
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WAVELENGTH x FREQUENCY 


TYPES OF WAVES 


The ball moves up and down and waves 
spread away from it. Radio waves are 
spread out like those from oscillating 
electric charges. Sound waves are sent 
out from a whistle by the vibration of 
air molecules. 


A light ball dropped into water gives a 
single train of waves. The sound waves 
from a gunshot are similar to this. 
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Electromagnetic waves. 


SPEED OF WAVES 


Sound travels in air at 
1100 feet per sec. 


A glass lens is shaped 
so as to bring together 
all the light waves into 
a single point. This is 
an example of refrac- 
tion. 


INTERFERENCE OF WAVES 
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152 cycles per second 
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150 cycles per second 


When two sound waves of slightly differ- 
ent frequency are mixed, a throbbing 
sound —a beat — is heard: 


_ sound from one engine 

= 150 cycles per sec. 
_ sound from the other engine 

= 152 cycles per sec. 


Result of mixing the two waves will be 
two beats per second. 


mead 
/\ { \ [Nr ~ rN i\r 
Nee (on 
| ~, WwW Y al 


Interference takes place when waves 
mix together. These waves are in 
phase and will add together. 


The waves will cancel out. 


The colours in an oil patch are 
caused by light waves being re- 
flected from the top and the bottom 
of the film and then interfering. 


If a wave is reflected and it interferes 
with the original wave, Stationary 
waves are set up. 
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The velocity” of light in space is 
approximately 186,000 miles per 
second. Light from the Sun takes 8 
minutes to reach the Earth. 


Sounds are heard 
more clearly over 
water during the 
night, because during 
the day warm air lying 
on the surface refracts 
it upwards. At night 
this warm air has risen 
up and it refracts it 
down. 
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Ocean waves are transverse and longitudinal. The | 
' | particles of water, as well as moving up and down (trans- | 
verse wave), move to-and-fro (longitudinal wave). The | — 
_ result of these two wave motions in deep water isa 

_ circular motion. Heavy ocean waves have a wavelength | 

| of a quarter of a mile and speed of sixty miles an hour. | — 

_ | They are produced by the action of a storm blowing on | 
i the surface and travel a very long way. i | 
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A NETWORK OF 
SEISMOGRAPH 
STATIONS ALL 
OVER THE WORLD 
RECORDS 

THE LOCATION 
AND MAGNITUDE 
OF EARTHQUAKES 


TRANSVERSE 
WAVES 


From the focus of an earthquake where energy is released, 


three waves spread out. In order of arrival at a distant | 
observing station these are a longitudinal, a transverse, — 
and a longitudinal surface wave. The first two waves — 


travel through the earth. 
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_PHYSICAL CHEMISTRY 


CHEMICAL EQUILIBRIUM 


and the Law of Mass Action 


hydrogen iodide in a sealed tube at 
356°C. Such reactions are said to be 
reversible — they never reach comple- 
tion and the equilibrium composition 
can be obtained using either ‘react- 
ants’ (hydrogen and iodine) or ‘pro- 
ducts’ (hydrogen iodide) as starting 
materials. 


ANY chemical reactions appear to 
take place immediately after the 
reactants are mixed, and very soon, if 
they have been added in the correct 
proportions, no trace of the reactants 
remains. There are, however, many 
other chemical changes in which the 
reacting substances are never used up 
completely. No matter how long they 
are left in contact, some of the original 
materials remain unchanged. 

As soon as the first molecules of the 
products are formed they start to react 
with one another to yield the original 
substances once more. It is because of 
this two-way process that the reaction 
never reaches completion. After a time 


If two substances A and B react to- 
gether to form two new substances Y 
and Z, the reaction can be represented 
by the equation: 
A+B=Y+2Z. 

According to the law of mass action 
the rate of the forward reaction = 
k, X [A] x [B], where k, is a constant, 
depending upon the conditions of the 
reaction, and [A] and [B] represent 
the concentrations of the two react- 
ants A and B. Likewise the rate of 
the reverse reaction isk, x [Y] x [Z]. 
When the equilibrium has been reached 
these two rates are equal, i.e. 


k, x [A] x [B] = k. x [Y] x [2]. 


For any two or more substances to 


w= pound, it is necessary for their mole- 
cules to collide. When first they are 
mixed, many collisions are likely be- 
tween molecules of the different reac- 
tants. However, as the reaction pro- 
ceeds the reactants are used up so that 
the chances of collisions become smal- 
er. 

f the reaction is reversible, the 
ace of collisions between prod 


a state of equilibrium is reached — unk 
the conditions of the reaction (teme 
perature or pressure) are changed the 
proportion of reactants and products 
in the mixture undergoes no further. 
change. Furthermore, the same result 
can be obtained by mixing together 
molecules of the end products and. 
maintaining them under the same 
conditions. The reaction then goes 
backwards until equilibrium _ is 
reached. 

For instance, if equivalent quanti- 
ties of hydrogen and iodine are sealed 
into a tube and heated to 356°C only 
four-fifths of the reactants are used up. 
A mixture of exactly the same compo- 
sition can be obtained by heating some 


PSreact together to form a new com-_ 


molecules is very small at the start 
and only small amounts of the original 
substances are remade. However, as 
the reaction moves forwards the num- 
ber of product molecules in the vessel 
rises, so there are greater chances of 
product molecules colliding to give the 
original starting materials again. As a 
consequence the rate of the reverse 
reaction rises while the rate of the 
forward reaction falls. 

The equilibrium condition is 
reached when the rate of formation of 
product molecules has slowed down to 
such an extent that it equals the rate of 
disappearance of product molecules in 
re-forming the original reactant. But 
although the composition of the mix- 
ture of substances becomes constant 
when equilibrium is reached, chemical 
changes continue. The rate of the for- 
mation of products is the same as the 
rate of re-formation of the original 
reactants. 


, one may ask ‘can the speed of 
rward and reverse reactions be 
ed and the yield altered?’ There 
are three factors which, in various 
ways, influence the progress of revers- 
ible reactions. They: are temperature, 
catalysts and concentration. 

The rates of reactions (i.e. the fre- 
quency of collisions between mole- 
cules) can be increased considerably 


‘by raising the temperatures of the 


reactants. However, it is likely that the 
effects of temperature on both the for- 
ward and reverse reactions will be 
similar. Therefore, the composition of 
the equilibrium mixture will not be 
affected very much by a change in 
temperature. The time taken to reach 
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equilibrium will, of course, be less at 
higher temperatures. 

The presence of a catalyst can have 
a remarkable effect on the rate of a 
reaction, but as the effect of the cata- 
lyst on the rates of the forward and 
reverse reactions is exactly the same, 
the final equilibrium is not disturbed. 

Almost a hundred years ago two 
Norwegian chemists, Carl Guldberg 
and Peter Waage formulated the Law 
of Mass Action. This explained the re- 
lationship between concentration of 
reactants and the rate of reaction 
between them. 

The term active mass was coined by 
Guldberg and Waage and is still used 


The Law of Mass Action states 
that the rate of chemical change 


is proportional to the active 
masses of the reactants. 


in stating this law. However, in prac- 
tice, active mass is taken to mean 
molecular concentration, and in gase- 
ous reactions, the partial pressures of 
the reactants since partial pressure is 
proportional to concentration. By in- 
creasing the pressures (of gas) or 
otherwise increasing the concentra- 
tions of the reactants the chances of 
molecules’ colliding are increased, so 
the reaction is speeded up. 

Not only does an increase in concen- 
tration of reactants alter the speed of 
a reaction at a given temperature — it 
also affects the composition of the final 
equilibrium mixture. This is because 
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Although the reaction between iron and steam is reversible, it can be taken to 
completion by sweeping the hydrogen out with more steam as soon as it is formed. 
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3Fe + 4H,O = 4H, + Fe,O, 


changes in concentration have differ- 
ent effects on the forward and reverse 
reactions. By increasing the number of 
collisions between the original reac- 
tants the rate of the forward reaction 
is increased. If, in turn, this leads to an 
increase in the concentration of pro- 
duct, the rate of the reverse reaction is 
also increased but not necessarily by 
the same amount. 

It is possible to carry reversible re- 
actions to completion if there is a 
means of removing one of the products 
continuously. For cxample, steam 
reacts with iron to give iron oxide and 
hydrogen. If the reaction is carried out 
in a sealed vessel an equilibrium con- 
dition is established. However, all the 
iron can be converted to iron oxide if 
the steam passes down a tube contain- 
ing the iron. In this way the hydrogen 
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is swept away as soon as it is formed 
so there is very little opportunity for 
the reverse reaction (the re-formation 
of iron and steam) to take place. 


The reversible reaction for making quick- 
lime in a lime-kiln goes to completion be- 
cause the carbon dioxide which 1s also 
formed is removed continually. 
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| SCIENTIFIC INSTRUMENTS| 


The Redwoo 


a cold day some grades of lubri- 

cating oil are very thick and 
difficulty is experienced in pouring 
them. However, as the temperature is 
raised oils flow more easily — they 
become less viscous. Viscosity is caused 
by friction which exists between the 
individual molecules of a liquid. 


Temperature has a_ considerable 
effect upon the viscosity of all liquids, 
and this variation may have serious 
consequences. For instance, the lubri- 
cating oil used in an internal com- 
bustion engine must not be too thick to 
flow around the engine immediately 
it is started up on a cold day, nor 
should it become too thin when the 
engine has warmed up. 

Amongst the many tests which the 


For the apparatus to yield reliable 
results, it is essential that it is levelled 
before being used. The three screws 
in its base are used for this purpose. 
When this has been done water is 
placed in the outer chamber (bath). 
Then the orifice is plugged by a ball 
valve and the sample is run into the 
central vessel (the oil cup). 

If the measurement is to be made 
at room temperature, time must be 
allowed for the sample and the water 
surrounding it to reach the same 
temperature as the air. Paddles are 
provided for stirring the water in the 
bath. The ball valve or thermometer 
may be used for stirring the oil in the 
cup. 
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MEASURING 
FLASK (50 ML) 


manufacturers of lubricating oils make 
are measurements of viscosity over 
the whole range of temperatures which 
the oil is likely to experience. The 


Using the Viscometer 


The apparatus can also be used for 
measuring viscosities at higher tem- 
perature. The cylinder projecting from 
the water bath is heated by a Bunsen 
burner flame. In this way the sample 
can be warmed to the correct tempera- 
ture, without its becoming overheated. 

When the sample is at the correct 
temperature and the temperature is 
steady, the liquid level is checked 
against the pointer fixed to the side of 
the inner vessel and any excess liquid 
is run off. A clean empty measuring 
flask is placed under the apparatus and 
the ball valve is raised. (It remains in 
the liquid being suspended from the 
thermometer clamp.) 

As soon as the plug is removed a stop 


iscometer 


Redwood Viscometer is one of several 
instruments employed for measuring 
viscosities and is used extensively for 
testing oils. 

In this method the liquid under 
test drains through a cylindrical hole 
(or orifice). The time for 50-0 ml liquid 
to drain from the vessel is measured. 


Very viscous liquids take a long time 
to drain through the orifice while less 
viscous liquids fill the flask more 
quickly. The time taken is a measure 
of viscosity which is expressed in 
Redwood seconds. This method does not 
give an absolute value but it serves as 
a very convenient way of comparing 
the viscosities of several samples or of 
following the change in its viscosity as 
a liquid is warmed. 


watch is started. While the liquid is 
draining out, care is taken to see that 
the temperature remains steady. The 
watch is stopped as soon as the liquid 
level in the flask corresponds with the 
mark etched on the neck of the flask. 

Because there is such a wide range of 
viscosities two types of Redwood 
Viscometers are made. They differ in 
the size of the orifice. The No. 2 
Viscometer which is used for heavy 
lubricating and fuel oils has a larger 
orifice. The size of the orifice of the 
No. 2 Viscometer has been arranged so 
that it takes one-tenth of the time for 
50-0 ml. of the sample to drain from it 
as compared with the No. | Visco- 
meter. 
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Lead, silver and merc 
mercurous mercury ar 
group 1 metals. 


S chlorides are insoluble. Lead, silver and 
e group ; metals. No precipitate means no 
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Sorting out the 
Metals-Group I 


INDING out which metallic ions are present in a lump 

of material could almost become a lifetime’s work if it 

were done without any system. Testing for each metal, one 
at a time, is not the way to tackle the problem. 

To get a reliable result quickly, the system of analysis 
known as group analysis should be followed. Group analysis 
is a kind of chemical sorting system in which the common 
metallic ions are sorted into six fairly small groups, con- 
sisting on an average of four metals per group. It is then 
fairly easy to examine the groups, one at a time, to find out 
what each one consists of. 

The sample is dissolved and then various reagents are 
added to bring the metallic ions out of solution, a group at 
a time. Five groups of metals are removed one after another 
as solids, leaving the remaining group in solution. 

The first group of ions to be removed is known as group 1. 
Group 1 metallic ions are lead, silver and mercurous. Unlike 
all the other metals, these three form very insoluble chlorides. 
This fact is used in removing them from the other metals 
in solution. 

When dilute hydrochloric acid is added, lead, silver and 
mercurous chlorides are thrown out of solution as white 
solids which are then filtered out. The mass of solid particles 
removed from the solution is known as the group 1 precipitate. 

Does this group 1 precipitate consist of one, two or all 
three of these metals ? Each chloride has different properties. 
The lead chloride will dissolve in water on heating and with 
potassium chromate solution will give a bright yellow pre- 
cipitate. With ammonium hydroxide solution mercurous 
chloride turns black. Silver chloride, though, dissolves in 
ammonia, but when dilute nitric acid is added, it is pre- 
cipitated again. This precipitate is sensitive to light and 
blackens on keeping. 
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| ELECTRICITY | 


The TELEPHONE 


(THE telephone caller has a choice of 

ten different numbers or letters to 
dial. When a number is dialled, an 
electrical signal is passed to the ex- 
change. This signal is produced by a 
mechanism hidden behind the dial. 
The caller dials a number by turning 
the dial clockwise. A small metal disc 
with ten notches cut in its rim also 
rotates when the dial is turned. This 
has no effect on the rest of the tele- 
phone — no signal is passed on to the 
telephone exchange. But as soon as the 
caller releases the dial, it spins back 
anti-clockwise. A springy piece of 
metal is jerked in and out of the notches 
in the disc. With each jerk, the piece of 
metal pushes a pair of electrical con- 
tacts together. The number of jerks 
and the number of times the contacts 


close is equal to the number the caller 
has dialled. By ‘making’ and ‘break- 
ing’ electrical contacts, the same num- 
ber of electrical pulses is sent down 
through the telephone wires to the ex- 
change, where the pulses are used to 
operate electromagnetic switches, and 
so select the correct number. 

The electromagnetic — switches 
operate on a system called the Strowger 
system which ‘requires pulses at a 
controlled rate of ten per second. The 
speed of impulsing is kept constant by 
the governor in the dial. A spring, 
similar to a clock spring, is wound up 
when the dial is rotated. Without the 
governor, the spring would not un- 


DIAL 


Before the caller dials, he must take the 
hand-piece from the rest. A set of contacts 
inside the telephone set springs back, and 
engages with another set. Current ts 
switched on to the dial, and the bell is 
switched off. 


_ Whenthehand-piece 
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wind at an even rate (this process 
slows down as the spring uncoils) and 
the rate of the pulses would vary. 

It is useless dialling a telephone 
number while the hand-piece (con- 
taining a microphone in one end and 
an earphone in the other) is still on the 
telephone rest, because the dial is not 
connected to the exchange. The con- 
tacts ‘make’ and ‘break’ the requisite 
number of times, but no electrical 
pulses can be sent while there is no 
electricity supply from the exchange. 
The telephone rest is a pair of levers, 
which keep the dialling circuit ‘open’ 
when the hand-piece rests on them. 
The levers spring back when the hand- 
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PIECE OF 
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MASKING 
CONTACTS 

(SEE CIRCUIT 
DIAGRAM BELOW) 


The back of the dial just before the caller 
dials. The pulse-producing contacts are on 
the right, but they are not affected during 
the first part of the dialling. 


CLOSE 


piece is lifted, closing the circuit, and 
connecting the caller to the exchange. 
The dial-tone from the exchange can 
now reach the caller. 

When a call is coming into the tele- 
phone, the bell is rung by a current 
from the exchange. Lifting the hand- 
piece sends a signal back to the ex- 
change, either informing the operator 
that the receiving telephone is ready to 
take the call, or connecting the re- 
ceiving telephone directly to the call- 
ing telephone. At the same time, the 
bell is disconnected, and stops ringing. 

The dial, the bell, and the switches 
supporting the hand-piece are the 
signalling parts of the telephone. The 
telephone circuits are divided into two 
main parts, the signalling circuits and 
the speech circuits. 

The speech circuits are associated 
with the microphone and earphone in 
the hand-piece. The microphone is a 
transmitter of speech signals, and the 
loudspeaker receives them. The same 
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MASKING CONTACTS 


MASKING 
OPEN W 


The caller has swung the ‘6’ hole round as 

far as possible. The piece of metal has 
bounced in and out of 6 notches, but no 
pulses are made. 


switch used to turn on the power 
supply to the dial contacts also con- 
nects the microphone to the power 
supply. 

Telephone microphones are usually 
of the carbon-granule type. Sound vibra- 
tions are converted into electrical 
oscillations by making a flexible dia- 
phragm vibrate so that it compresses 
and releases loosely-packed granules 
of carbon. An electric current is 
pushed through the microphone all 
the time, but its size depends on the 
resistance of the carbon. This is 
affected by the tightness of the packing 
of the granules, so, as they are com- 
pressed and released the current varies 
in the same way. The constant supply 
of current needed to operate this 
microphone comes from a _ 50-volt 
battery in the exchange. There is no 
point is wasting this electricity by 
allowing the current to flow when the 
telephone is not in use, so it is auto- 
matically switched on and off by the 
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elephone comes from a 50 volt 
ed to the dial, earphone and 


When the dial is released, the metal bounces 
in and out of the notches again, but this 
tume, the contacts on the right are pressed 
together six times. 


levers in the rest. 

The receiver has the job of convert- 
ing electrical oscillations back into 
sound. The electrical oscillations were 
created by the sound at the distant 
end of the telephone circuit, as it hit 
the microphone diaphragm. The cur- 
rent in the receiver flows through a 
coil of wire, making the magnetic field 
around it vary in sympathy with the 
variations in the current. An iron 
armature is magnetized and attracted 
and repelled by the coils. It moves a 
flexible diaphragm, which moves the 
surrounding air, forming sound waves. 

A transformer is also included in the 
speech circuit. It isolates the micro- 
phone and earphone from each other, 
and enables the current through the 
microphone to pass through the tele- 
phone and back to the exchange with- 
out interfering with the earphone. 
Otherwise the caller would hear what 
he himself was saying through the ear- 
phone. 
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The Regulator 


Telephone signals may travel a long 
way from the calling telephone to the 
receiving telephone. The signal is 
bound to become fainter, as more of its 
power is used up in overcoming the 
electrical resistance of the telephone 
wires. Telephone lines may differ in 
the proportion of ‘sound’ that is lost. 
The regulator in the telephone set 
maintains the voltages supplied to both 
the microphone and earphone at a 
constant level. 
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The Transformer 


The transformer isolates the micro- 
phone from the earphone. It also 
ensures that speech signals are trans- 
mitted along the line at maximum 
power. 
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The Two-tone Bell 


Current flows through one of the coils, 
attracts one armature, and releases the 
other. One circuit is broken. This cuts 
off the current supply to the other coil. 
The other end of the armature is then 
attracted. The armature moves the 
bell-clanger. The bells produce differ- 
ent notes. 
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RACKS OF HONEYCOMB 
SECTIONS - 


SUPER FRAME FITTED WITH 
FOUNDATION, THE CELLS OF 
WHICH ARE VERY MUCH 
ENLARGED 


A typical hive cut away to she 
the brood chamber, super and th 
rack of small comb sections used 
for honeycomb production. Insets 
show the foundation frame and 
the queen excluder. 


QUEEN EXCLUDER 


THE HONEY-MAKERS 


HE majority of insects lead solitary 
or independent lives, feeding and 
fending only for themselves. Others 
live in colonies where there is a 
division of labour between the mem- 
bers —some collect food, others are 
“‘nurse-maids’ and so on. Wasps, ants 
and termites are such social insects but 
the bees - especially the honey-bees - 
are probably the most highly or- 
ganised. 


A wild bee colony ma hollow tree. 


The Honey-Bee Colony 

Unlike bumble-bees, honey-bees 
make permanent colonies lasting from 
year to year. A colony consists of a 
queen (a mated female’, thousands of 
workers (sterile females! and a number 
of drones or males. In the wild, the 
colony may be in a hollow tree or any 
similar place where the workers can 
build their combs. These are vertical 
sheets of wax each made up of 
thousands of delicate six-sided cells. 

The queen, tended and fed by 
workers, lays eggs in these cells and 
the young bees that develop are also 
fed by the workers. The majority of 
young bees turn out to be more 
workers. However, there are a number 
of larger cells in the combs and in these 
cells, the queen lays unfertilized eggs 
which develop into drones. A new 
queen is produced when necessary in 
a very large cell. The grub starts off 


just like a worker but is fed on a special 


food and develops into a queen. 
Besides rearing their young in the 
cells, the bees also store food for the 


winter or any period of bad weather 
that stops them from visiting plants. 
Bees feed on nectar and on pollen, both 
of which they get from flowers. Nectar 
provides them with carbohydrate food 
in the form of sugar, and pollen gives 
the bees protein. Both types of food 
are stored in the comb, the pollen 
being covered with a little honey to 
preserve it. 

When the available storage and 
breeding space becomes cramped, the 
queen and a large number of workers 
usually leave as a swarm to starf a 
new colony. Workers left behind pro- 
duce a new queen from an egg already 
laid and, after pairing with a drone, 
she takes over as head of the colony. 
This is the only useful function of 
drones. They do not do any of the 
work in the hive. 

Honey 

When nectar is collected from the 
plants it is a rather watery solution of 
various sugars. Cane sugar or sucrose 
is the commonest in most nectars. The 
other sugars are fructose and glucose. 


Nectar from each kind of flower has” 


its own characteristic composition, but 
its strength (i.e. the water content) 
varies according to the humidity of 
the air. Bees rarely bother to collect 
nectar unless it has a sugar content of 
more than twenty per cent. The bee 
sucks up the nectar and passes it into 
her honey stomach which is a special 
pouch of the food canal. 

Upon returning to the colony, the 
foraging bee gives up most of the 
nectar to another bee for ‘processing’. 
The raw nectar contains quite a lot 
of water and would not keep. During 
the processing the bees get rid of most 
of the water. The household bees 
swallow and regurgitate the nectar 
many times. They also hang up drops 
of nectar on the combs to dry. Other 
bees fan their wings at the hive 
entrance and create a drying breeze 
through the hive. The nectar then 
goes into a cell, and is later covered 
with wax. 

Raw nectar usually contains a high 
proportion of sucrose but honey con- 
tains only a few per cent. During the 
processing and storage, enzymes from 
the nectar together with others pro- 
vided by the bees, act upon the sucrose 
and produce glucose and _ fructose 
together with various more compli- 
cated sugars. The nature of the honey 
depends upon the sugars present. 
A high glucose content causes honey 
to crystallize rapidly whereas a high 
fructose content makes it runny. Ripe 
honey is more than 80% sugar, thus 
making it a good energy-giving food. It 
is not a complete food, however, be- 
cause of its low protein content. 


Stripping the wax covers from a comb prior 
to extracting the honey. 


A brood comb showing worker cells, drone cells 


over contain young bees or food stores. 


Keeping Bees for Honey 

Man and various other mammals 
have discovered the value of the bees’ 
stored honey and Man now maintains 
colonies of bees to provide him with it. 
An even more valuable result of bee- 
keeping is the efficient pollination of 
crops. Fruit growers derive great 
benefit from keeping a few hives in 
their orchards. 

The hive is an artificial home for the 
bee colony and it is so constructed that 
it can be dismantled easily without 
disturbing the bees too much. In 
nature the combs are attached to the 
roof of the nesting chamber. If this 
were so in a hive it would be difficult 
to examine the combs and to collect 
the honey. To avoid this trouble the 
bees are given special frames that can 
be removed from the hive one by one. 
Each frame is fitted with a fine sheet of 
pure bees-wax on which are stamped 
impressions of the cells. The bees then 
build their cells on these foundation 
sheets. 

In wild colonies, honey, pollen and 
young are kept in the same combs. 
Extracting pure honey would be im- 
possible if this were so in the hive and 
therefore the latter is made with two or 
more sections. At the bottom there is 


collected at the base of the drum. 
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(centre) and queen cells (left). Cells capped 


the brood chamber where the queen 
lays her eggs and the workers rear the 
young. Above this are one or more 
shallow chambers (supers) from which 
the honey is extracted. Between the 
brood chamber and the supers there is 
placed a wire or zinc screen called a 
queen excluder. The queen is consider- 
ably larger than the workers and the 
perforations in the screen allow only 
the workers to pass to the supers. Thus 
no eggs are laid in the supers and they 
are used only for storage. Pollen is 
rarely stored in the supers and pure 
honey can be extracted. 

The full frames are removed from 
the super when the bees have sealed 
the cells over — showing that the honey 
is ripe. The wax cappings of the cells 
are cut off (this wax is usually sold for 
making new comb foundation) and 
the honey is then extracted by centri- 
fugal force in a revolving drum like a 
spin-dryer. The combs can then be re- 
placed in the hive. The bees begin to 
store honey immediately instead of 
first having to make the comb. This 
saves the bees work and saves honey, 
for the wax 1s secreted by the bees’ own 
bodies and they need to eat a lot of 
honey to produce the wax required for 
a comb. 


A centrifugal honey extractor. The combs are whirled round and the honey flies out to bé 
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DESERTS 


OT, dry deserts, with an average 
rainfall of less than 10 inches a 
year, cover more than 14% of the 
World’s land surface. If the neighbour- 
ing, semi-arid steppes, with their 
slightly higher falls (10-20 inches) are 
included, the estimate of these largely 
unproductive areas rises to 28°% of the 
surface or 16 million square miles. 
Yet even though Man cannot culti- 


sandy surface is transformed into an 
exotic colourful patch of flowers. 
Again, what appears to be a deserted 
waste during the heat of the day, at 
dusk becomes alive with small scuttling 
animals. 
Where are the Deserts? 

Deserts are found in two broad belts 
encircling the Earth. The approxi- 
mate centres of the belts are the two 


oa 


Deserts of the world. Some are far inland or in the rain shadow of high mountains. Others 
near the sea are deprived of water by cold currents offshore. The Sahara Desert is the largest 


with an area of 3,500,000 square miles. 


vate crops in desert regions, these 
parched lands are not entirely barren 
wastes. Life is adaptable and has over- 
come the hazards and problems im- 
posed by acute water shortage. Plants 
flourish in the most unlikely spots —a 
sudden downpour of rain and a bare, 


Many shrubs and cacti absorb water over a 
wide area by means of shallow, spreading 
roots. 


A LARGE AREA 
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geographic tropics—the Tropic of 
Cancer (north of the Equator) and the 
Tropic of Capricorn (south of the 
Equator). 

The dryness of some deserts, for 
example the Gobi Desert of Mongolia, is 
due to their remote positions far in- 


The large desert trees obtain water using 
deep-penetrating tap roots. 
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t deflected by dust and clouds. At night, 
Sin contrast, 90% of the ground’s heat is 
“lost to the upper air and temperatures 
. * fall rapidly. 


DEEP-PENETRATING 
TS. 


land. The winds have lost nearly all 
their moisture before these parched 
regions are reached. But more im- 
portant for desert formation are the 
currents of cold water off the shores of 
many land masses. The cold water 
cools the air, which in turn lowers the 
amount of moisture that can _ be 
carried inland by winds. 

The reason why deserts are not only 
dry but intensely hot is that the lack 


_of water in the atmosphere enables 
90%, of the Sun’s heat to penetrate to 


“ground level; only 10% is absorbed or 


The sparse rainfall may be seasonal 
in some regions. North Africa, for 
instance, has a Mediterranean climate 


TUFTED TAIL 
FOR BALANCE —_— 


Occasional falls of rain bring ‘deserts to life as in this American desert scene. The kit fox is a wanderer and may sometimes stray outside the 
desert. By jumping with its powerful back legs the kangaroo rat evades its many enemies. Like other desert rodents, it usually burrows during 


the hot part of the day. 


with dry summers and mild, damp, 
winters. Northern parts of the Sahara 
desert therefore receive most of their 
rain in winter. But the rainfall of many 
desert areas remains unpredictable 
and some spots may go ten years or 
more before a sudden, torrential down- 
pour floods the hard, scorched ground. 
Plant Life 

Many desert plants survive droughts 
as resistant seeds with tough protective 
coats. When rain does eventually fall, 
the seeds quickly germinate. These 
plants are called drought evaders. They 
avoid the problem of water shortage — 
and have no special adaptions such as 
wax-coated leaves, water storage 
organs or deeply penetrating roots. 
Growth is rapid, flowers are produced 
and more seeds form. The cycle is over 
in less than 6 weeks. 

Perennial plants likewise flourish 


Though ngt closely related, the jerboa 
resembles tiskangaroo rat — an example of 


convergent évolution. 
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during the rare rainy spells but for the 
rest of the time they must endure the 
harsh dry climate. These are the drought 
resistors. Any water that does become 
available must be absorbed and con- 
served. Many different adaptations 
are found to do this. 

The cacti of American deserts are 
great hoarders of water. When mois- 
ture is plentiful it is quickly taken up 
by the shallow, widespread cactus 
roots. The stem of the plant is used as 
the storage organ, the pleated surface 
filling out as the water is absorbed. As 
in many desert plants the leaves are 
absent, so reducing the surface area 
through which water can be lost. 
Photosynthesis takes place in the sur- 
face cells of the stem. The spines of 
cacti (outgrowth of the stem), dis- 
courage browsing animals from des- 
troying the plants for the sake of their 


The cactus stores water in pulpy tissue in 
its stem. Cells in the stem also_photosyn- 
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water supply. 

Another adaptation characteristic of 
the larger desert trees such as the 
Mesquite of America and the Acacia of 
Africa, is the very deep tap root. It may 
penetrate to a depth of 100 feetor more 
in search of moisture. With a reason- 
able supply of water assured, the leaves 
are often found to be unprotected 
against water loss. 

Smaller shrubs have shallow, wide- 
spread roots, deep tap roots or both. 
Because the competition for water is 
strong they are usually found well 
separated from each other. The leaves 
are sparsely distributed and are often 
coated with wax, which prevents ex- 
cessive loss of water through evapora- 
tion. 

The Paloverde tree of Africa has 
leaves less than.a millimetre across and 
even these small structures tend to fall 


Swollen corns, tubers and roots may store 
water in times of drought. 
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wt plants the ‘midrib of leaves may 
become adapted as thorns. Skin outgrowths 
and branches may also form prickles. 


off the branches in severe droughts. 
The leaves of some desert plants are no 
longer used for photosynthesis but are 
modified into prickles for protection. 

About a third of all desert peren- 
nials store water in underground 
structures — roots, rhizomes, bulbs, 
tubers and nodules. The plant struc- 
tures above the ground die off in very 
dry weather leaving their portions 
underground to produce new flowers 
and seeds when the rain returns. 
Animal Life 

When the rain does fall in deserts, 
while many plants renew their activity, 
millions of insect eggs and cocoons also 
burst open releasing adult beetles, 
wasps, moths, ants, crickets and 


locusts. Many of these creatures are 
very important as fertilizers of the 
desert flowers. Their life is soon over 


The occastonal oasis of deserts is formed 
at points where water in underground layers 
of rock can penetrate to the surface. Below, 
shifting sand dunes occupy only a small 
percentage of desert. The rest is bare rock 
or has a firm sandy surface. 
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To keep body temperatures from 
rising too high, many desert animals 
cool themselves by using water from 
their own bodies. Mammals have sweat 
glands which secrete a salty liquid on to 
the skin surface. Subsequent evapora- 
tion lowers the body temperature. 
Reptiles and birds do not have sweat 
glands and can only lose water by 
panting. By burrowing in the ground 
during the hottest parts of the day how- 
ever, most reptiles, amphibians, and 
small mammals avoid losing water 

Water may also be used up in excret- 
ing nitrogen-containing wastes pro- 
duced by the breakdown of proteins in 
the body. Birds and reptiles avoid this 
water loss by excreting almost solid 
uric acid. But the urea excreted by 
mammals must be passed from the 
body in solution. The loss of water is 
kept to a minimum by concentrating 
the urea so that it makes up more than 
20% by weight of the solution. Plant- 
eating mammals do not produce much 
urea, but flesh-eaters, with a largely 
protein diet, need a constant supply of 
water to dissolve their excess waste. 

Sufficient water may be obtained by 
desert creatures, in the foods they eat. 
Insects for instance are made up of 
between 60 and 85% of water. Even 
the very low water content of seeds 
(less than 5%) may be enough for some 
small burrowing rodents. Flesh-eaters, 
birds and larger browsing animals need 
a good water supply, and do not stray 
out of reach of water holes. The camel 
however can survive long periods 
without drinking. It probably stores 
water in spaces between its tissues and 
may receive a supply of metabolic water 
by breakdown of fat in its hump. 


but they leave behind a new supply of 
eggs to resist the drought. Spiders, 
scorpions and centipedes — usually 
covered with thick hair or skin — are 
quite common and after flooding, 
swarms of small shrimps. are found in 
the temporary puddles. The eggs 
from which they hatched may have 
lain in the desert for twenty years. 

Temporary puddles are also the 
homes of frogs and toads. They quickly 
breed and when the water evaporates. 
the parents and young burrow in the 
mud to avoid the heat. They line their 
burrows with mucus to prevent water 
loss and are often equipped with some 
structure for digging. 

Species of lizard, snake, and tortoise 
live in deserts. Their plates or scales 
are good adaptations for stopping 
water escaping. They cannot survive 
in temperatures of more than about 
45°C and so during the heat of the day, 
burrow in the ground or seek the 


LAYER OF 
WAX 


CROSS SECTIC 
THROUGH . 
OUTSIDE 
LAYERS OF LEAF 


Leaves may roll up into tubes reducing the 
area from which water can be lost. Coatings 
of wax also stop excessive evaporation. 


shade. Special valves close the nostrils 
and prevent sand from entering. 

The majority of desert mammals are 
small burrowing rodents that feed 
mostly on seeds scattered about the 
desert floor. Nearly all deserts, how- 
ever, have their own specialized jump- 
ing ‘rodent’ equipped with strong rear 
limbs for rapid propulsion. America 
has the kangaroo rat, Africa and Asia 
the jerboa and the gerbil and Australia 
the marsupial (pouched mammal) 
kangaroo mice. 

Browsing mammals such as small 
species of deer are not so widespread, 
for they must drink at least once a day, 
and remain confined within easy reach 
of a water-hole. Zebras in the deserts 
of South-West Africa detect water that 
lies underground and construct their 
own drinking place by excavating 
with their hoofs. 


This gecko has webbed feet — not for swim- 
ming in water but for walking over the sand. 
The spade-digger toad has a horny pad on its 
rear foot for burrowing in the mud during 
drought. 
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HYDROGEN PEROXIDE- © 
Rocket Fuel and Bleach 


STRONG sunlight has a very power- 

ful bleaching effect. Under its 
influence curtains fade and lose their 
colour. White washing is bleached 
whiter by it. In some countries, 
chemical bleaches are never used on 
cotton. The unbleached cotton 
material is simply spread over the 
fields to bleach in the sun. Hydrogen 
peroxide has some part in this bleaching 
action. 
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Molecule of hydrogen peroxide. 


Ordinary tap water and rainwater 
contains small traces of hydrogen per- 
oxide. So water is, in fact, a very dilute 
solution of bleach. The presence of 
hydrogen peroxide in water is hardly 
surprising for both water and hydro- 
gen peroxide are derived from the 
same two elements, hydrogen and 
water. In water there are two atoms 
of hydrogen for every atom of oxygen. 
The formula is HO. In hydrogen per- 
oxide there are equal numbers of 
hydrogen and oxygen atoms. The 


| VOLUME 
OF HYDROGEN 
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SOLUTION 


formula is H,Ox. 

This compound is not very stable 
and at the least excuse splits up to form 
water and releases active oxygen — oxy- 
gen as single atoms, not oxygen paired 
up in molecules. Active oxygen can 
react with a molecule of pigment and 
alter its composition by oxidizing it. 
When the composition of the pigment 
changes, the colour disappears. 

Sunlight helps to bleach drying 
clothes because the ultra-violet radia- 
tion falling on the water decomposes 
some of the water. Hydrogen is driven 
off and hydrogen peroxide is left in 
place of the water. 

2H,O —_> HO; = H, 
The more peroxide present, the more 
effective is the bleach. 

Industry cannot depend upon some- 
thing as unreliable as the weather for 
its bleaching action, so now hydrogen 
peroxide is manufactured so that 
cotton, silk and wool can be bleached 
quickly regardless of whether the sun 
is shining or not. 

Most of the hydrogen peroxide 
manufactured is used as a bleach. It is 
much milder than chlorine and does 
not have any harmful products. It 
decomposes into harmless oxygen and 
water. 

In dilute solution, spills on the skin 
are harmless. In fact, the cleansing 
properties of its oxygen make peroxide 
a useful antiseptic and gargle. Never- 
theless it is always advisable to wash off 
any dilute solution that has been spilt 
because the water tends to evaporate 
off leaving an increasingly concen- 
trated solution behind. 
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| ml of normal strength potassium per- 
manganate solution reacts exactly with 
0-01701 grams of hydrogen peroxide. 
Therefore the mass of hydrogen perox- 
ide can be calculated from the titration 
reading. 

2H,O0, = 2H,O +O, 

2 X 34-02g—> mol wt oxygen 

64- 04g gives 22:4 oxygen (S.T.P.). 
The volume of oxygen can be calculated 
from the mass of peroxide in the 
sample. 


Strength of a solution 


The hydrogen peroxide on sale to the 
general public for use as a hair bleach 
or an antiseptic gargle is not very 
concentrated and consists largely of 
water with about 3% or 6% of the 
peroxide in it. The volume strength is 
stated on the bottle. This will usually 
be 10- or 20-volume strength. 

Under the right conditions, hydro- 
gen peroxide splits up to form water 
and oxygen. The 10-volume strength 
liquid will give off ten times its volume 
of oxygen if the volume of the gas is 
measured at O°C and atmospheric 
pressure (S.T.P.). The 20-volume 
strength is twice as concentrated. A 
litre of it will give off 20 litres of oxygen 
at S.T.P. 

A stronger solution used in industry 
will usually have its concentration ex- 
pressed as the percentage of peroxide 
by weight in the solution. Industrial 
hydrogen peroxide may contain as 
muchas 85% of the peroxide by weight. 
This same solution could also be ex- 
pressed as 384 volume strength. 
Finding the strength 

Virtually the same method is used 
for finding both the percentage weight 
and the volume strength of a solution. 

A measured amount of the peroxide 
is titrated in an acidic solution with 
potassium permanganate solution of 
known strength. The permanganate 
splits up the peroxide and converts it 
into oxygen and water. The quantity 
required to completely split up every 
molecule of peroxide is a measure of 
the peroxide present. It is also a 
measure of the oxygen liberated. 


Hydrogen peroxide ts rich in oxygen 
but there 1s never any danger that the 
liquid on its own will catch fire, even 
when it is very concentrated. here ts. 
however, great fire risk when an in- 
flammable substance is mixed with 
hydrogen peroxide. The inflammable 
substance draws on the rich supply of 
oxygen in the peroxide and catches 
fire and burns much more fiercely than 
it would in air. 

This property would seem to be a 
disadvantage but it has now been 
turned to good use. Hydrogen per- 
oxide is used as a source of power in 
submarines and for assisted take-off in 
aircraft and helicopters. In the per- 
oxide-driven submarine, the hydrogen 
peroxide passes over a catalyst which 
releases oxygen. The oxygen is then 
swept into the combustion chamber 
where it mixes with diesel oil. The 
diesel oil burns, taking the oxygen it 
needs for burning from the peroxide. 
The heat produced by the burning is 
used to drive the submarine. The 
diesel fuel could be burned in air, but 
a concentrated solution of hydrogen 
peroxide is much easier to carry than 
the air necessary for the combustion. 

Hydrogen peroxide with impurities 
floating in it tends to lose its potency 
very quickly and decompose, giving off 
its oxygen. The impurities catalyze 
the reaction. Good quality impurity- 
free peroxide is fairly stable and de- 
composes only very slowly. Heating 
does quicken the decomposition, but 
even so, this does not have much effect 
if the liquid is fairly pure. The acidity 
of the solution has a tremendous effect 
on its stability. A solution will keep as 
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long as it is acidic. When an alkali is 
added a drop at a time more and more 
bubbles of oxygen begin to come off. 
Then, when the solution is alkaline, 
there is a rush of rising bubbles as all 
the peroxide splits up into water and 
oxygen. The peroxide is stored as an 
acidic solution, and when it is required 
as a bleach it is made alkaline so that 
the oxygen is released for bleaching. 

There have been many different 
ways of manufacturing hydrogen per- 
oxide but most of them have fallen into 
disuse because of the cost. The present 


Fuelling Blue Steel with hydrogen peroxide. 
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process uses as its raw materials hydro- 
gen, air and water, none of which is 
very expensive. Air is blown through 
an organic compound, 2-ethyl anthra- 
quinol which reacts with the oxygen 
in the air and gives off hydrogen per- 
oxide. In doing so the quinol becomes a 
quinone.Water is used towash out the 
peroxide. Hydrogen is used to convert 
the quinone back to a quinol again. 
The organic compound can be used 
over and over again and all that is 
needed is a fresh supply of air, hydro- 
gen and water. 
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Trigonometry 


"THERE is no need to climb a tree with a tape measure to 
find out how tall the tree is. The height can be calcu- 
lated with the aid of a few simple measurements taken from 
the ground, followed by some calculations using the branch 
of mathematics known as trigonometry. 
Trigonometry is the science of triangles. The triangle is 


An instrument like this is called a theodolite and is used by 
surveyors to measure angles. 
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important because once the length of one side and two 
other facts (angles or sides) about the triangle are known, 
all the sizes of the remaining sides and angles can be 
worked out. 

A right-angled triangle is the simplest type of triangle to 
deal with and so wherever possible, right-angled triangles 
are used. 

A right-angle is the angle found at the corner of a page 


SIN 20° = -342 
COS 20° = -940 


SIN 45° = -707 
COS 45° = -707 
TAN 45°= | 


Using the tangent 


PPOSITE 


ADJACENT 


or at the corner ofa properly made door. When two straight 
lines cross so that all four angles at the crossing are equal, 
each of the four angles is a right-angle, of go parts called 
degrees. 

A right-angled triangle is used to calculate the height of 
the tree from the ground. The tree meets the ground at 
right-angles. A stake is hammered into the ground some 
distance away from the tree and the number of feet from 
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the roots of the tree is measured. The angle the stake makes 
with the tree top is measured. The top of the tree, its root 
and the stake make the three corners of a right-angled 
triangle. 

The height of the tree divided by the length along the 
ground gives a ratio known as the tangent (tan) of the angle. 
The angle has been measured and its tangent can be looked 
up in a set of tangent tables. The tangent equals the height 
of the tree divided by the length along the ground. The 
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height of the tree can be calculated from this. 

The tangent of an angle, the length of the opposite side 
divided by the adjacent side, is not the only useful ratio that 
can be looked up in tables. The sine (sin) and cosine (cos) can 
also be used in similar fashion. The sine is the length of the 
opposite side divided by the length of the longest side 
(called the hypotenuse, the side opposite the right-angle). 
The cosine is the adjacent side divided by the hypotenuse. 
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l PALAEONTOLOGY 


"THE MAMMALS 


MAMMALS are found almost 
everywhere on Earth — on land, 

sea and sky. Man, whales and bats are 
all members of this large group of 
warm-blooded animals that dominate 
the animal world. Yet the mammals 
are comparative newcomers to the 
scene. One hundred million years ago 
the world was ‘ruled’ by the dinosaurs 
— huge cold-blooded reptiles with tiny 
brains. These ‘ruling reptiles’ gradu- 
ally declined and, about seventy 
million years ago, they disappeared, to 
be replaced by the warm-blooded and 
more intelligent mammals. 

The mammals did not suddenly 
appear at this time, however; they had 
been in existence for nearly one 
hundred million years but had been 
‘overruled’ by the dinosaurs. The 
mesozoic mammals were mostly small 
and probably fed on insects. Relatively 
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Three jaw-bones seen from the outside 
show the increase in size of the main 
bone (dentary) and reduction of the 
others during the evolution of mam- 
mals from reptiles. 


few fossil mammals are known from 


the Jurassic and Cretaceous rocks. 


The characteristics of mammals are 
air, warm-bloodedness and_ the 
ability to feed their young on milk. 
These features are of little use to the 
palaeontologist but there is another 
important one. All living mammals 


Macrauchenia (left) and Toxodon, two 
of the many peculiar South American 
herbivores that survived for much of the 
Tertiary period until the continent was re- 
connected to North America. 


~ existed in Eocene times about 60 million 


- Two of the archaic hoofed mammals that 


years ago. They were replaced early on by 
more modern types. 


TAKE OVER 


have only a single bone (the dentary) 
in the lower jaw. Modern reptiles have 
more than one, so did the early ones. 
Mammals eyolved from reptiles during 
the Triassic and Jurassic Periods. One 
of the important changes was the 
gradual reduction of the smaller bones 
of the lower jaw. In mammals these 
are now found as the tiny bones in the 
ear! We know this because fossils have 
been found in various rocks which 
show this gradual transformation. 
There were many of these mammal- 
like reptiles in Triassic times. They 
arose as an offshoot of the primitive 
reptiles and soon began to show certain 
characteristics. The limbs, which had 
been sprawling in the early reptiles, 
became vertical. The brain case be- 
came larger and the smaller jaw- 
bones diminished further. Some of 
these animals were quite large and 


there were both plant-eaters and flesh- 
eaters. Presumably, as the mammal- 
like skeleton evolved, other mam- 
malian features appeared ~ hair and 
warm-bloodedness for example. Most 
of the mammal-like reptiles dis- 
appeared in the Jurassic, leaving only 
the small shrew-like mammals already 
mentioned. These changed very little 
for millions of years. 

Monotremes— the egg-laying mam- 
mals — were almost certainly living in 
Jurassic times although no fossils have 
been found. These animals (e.g. the 
duck-billed platypus) have hair and 
feed their young on milk, but they have 
so many reptilian characteristics that 
they must have evolved early on. 

Marsupial mammals — those that 
carry their babies in pouches ~ first 
appear in upper Cretaceous rocks 
about one hundred million years old. 
The true placental mammals prob- 
ably appeared at about the same time. 
These were small insect-eating mam- 
mals with sharp teeth. 

When the dinosaurs disappeared, 
the mammals were able to colonize 
many habitats and natural selection 
produced many different forms. The 
insect-eating ancestors produced both 
flesh-eaters and plant-eaters. Some of 
the early ones were large and ungainly 
—especially the grazing mammals. 
They were not very successful how- 
ever and died out within a few million 
years. As well as some of these archaic 
groups, all the modern mammal 
groups were in existence by Eocene 
times (about 60 million years ago). As 
time passed, the animals became more 
and more like those of the present day. 

The marsupial mammals were not 
so advanced as the placentals and in 
most parts of the world they dis- 
appeared. However, the Australian 
continent became separated before 
placental mammals appeared there — 
probably in late Cretaceous times. 
Marsupials were able to spread in the 
absence of competition and_ they 


evolved into many species. The same 
habitats were available there as else- 
where and, just as the placentals pro- 
duced carnivores, herbivores, tree- 
dwellers etc., so have the marsupials. 
There is even a marsupial mole, very 
like the placental mole. This sort of 
similarity is called parallel evolution. The 
only placental mammals that were in 
Australia before Man arrived there 
were numerous bats and rats that 
presumably spread through the chain 
of islands from Asia. 


Marsupials also occur in South 
America. For a long period of Tertiary 
time this continent, too, was isolated. 
The marsupials developed a number 


_of types there but only the opossums 


survive. When the continent was re- 
connected to North America, placen- 
tal types migrated south and replaced 
The European Wolf (left) and the Mar- 
supial Wolf showing the similarity developed 
through parallel evolution. 


most of the marsupials. A number of 
herbivorous placentals had reached 
South America before its isolation, 
however, and produced many strange 
species. The continent still has some 
characteristic placental mammals — 
the armadillo, sloths and ant-eaters — 
but most of the large grazing animals 
disappeared when the _ placental 
carnivores arrived. 

The other regions of the world were 
dominated by placental mammals in 
the Tertiary Period. Just as reptiles had 
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plified tree to show the evolution of the 
main groups of mammals from a group of 
mammal-like reptiles. 


conquered land, sea and air, so did the 
mamimals. 

The bats are truly flying mammals. 
Whales live entirely in the seas. These 
mammals all evolved from the primi- 
tive insect-eating ones when the rep- 
tiles disappeared. They filled the 
niches left by the reptiles and really 
did take over the world. 


FAMOUS SCIENTISTS 


PERGIVAL LOWELL 
AND THE 
MARTIAN GANALS 


PERCIVAL LOWELL firmly believed that life existed 

on the planet Mars. The Martian population, he 
thought, was a race of highly civilized beings. They had 
been responsible for the network of canals built to irrigate 
the otherwise dry and dusty planet. The canals could be 
seen through a telescope as faint lines criss-crossing the 
surface. Where two canals crossed, Lowell detected blobs, 
or oases which he judged to be centres of population. 

Lowell was born at Boston, Massachusetts in 1855. He 
was educated at Harvard, spent a period in the Far East, 
and then decided to devote his life to astronomy. Lowell 
was fairly wealthy, so he was able to obtain a refracting 
telescope and set up his own observatory at Flagstaff, 
Arizona. He was especially interested in the planets, and 
his book putting forward his ideas on Mars, Mars the Abode 
of Life, was published in 1908. 

Lowell drew maps of Mars, showing the canal system in 
considerable detail. However, if Lowell actually saw this 
detail on the planet’s surface, no other astronomer did to 
the same extent, and Lowell’s idea started a fierce contro- 
versy. Now it is known that the ‘canals’ are not regular 
straight lines, but ill-defined blobs. There is not enough 
water on the planet to fill one river, and certainly not 
enough to fill an extensive network of canals. 

Although Lowell was probably wrong in his theories 
about Mars, he was a good mathematician. After carefully 
plotting the orbits of two of the outer planets, Uranus and 
Neptune, he calculated that slight disturbances in the orbit 


A detail from Lowell’s map of Mars. He saw blobs and dark mark- 
ings on the planet’s surface, and linked these up to form the extensive 
network of ‘canals’. The blobs at the crossing of two canals were 
thought to be centres of population. 
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From 1894 to 1916, Percival ‘Lowell directed the observatory he had 
founded at Flagstaff, Arizona. 


of Uranus must be due to another planet, even more remote 
from the Sun than Neptune. Lowell was unable to find the 
planet, and it was not until 1930, 14 years after Lowell’s 
death, that the planet Pluto was discovered. 

Astronomers at Lowell’s own laboratory found Pluto in 
the position calculated by Lowell. But the planet was 
fainter and smaller than Lowell predicted, and this is the 
reason it took so long to discover. 


A modern map of Mars. The straight lines of Lowell’s map are 
shown as irregular markings. The canals cannot carry water, 
because Mars has not enough water to fill one river. This map 
covers roughly the same area as Lowell’s map on the left. 
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~ NEUTRALS 
ALL EARTHED 


OST of the electricity supplied to the home and to 
industry arrives in the form of an alternating current 
(A.C.). In Britain, the frequency of the supply is 50 cycles 
per second, which means that the current passes back and 
forth in the supply wires 50 times each second. 

This current is produced at the power station in large 
electric machines called alternators. The working of an 
alternator depends on a very simple principle. An electric 
current is induced in the wire every time a magnet is rotated 
past a coil of wire. Ifa single magnet is rotated past a single 
coil, then the current in the coil will vary with time, 
depending on the position of the magnet. As the pole of 
the magnet comes opposite the coil, the current is a maxi- 
mum. As it rotates through go° the current goes to zero and 
increases again to a maximum negative value as the opposite 


When a magnet is rotated past 
ROTATING 4 coil a current is induced in 


AMMETER MAGNET a 
READS the coil. This flows through 
CURRENT ‘ 
the resistor and causes a de- 
CURRENT 
FLOW 
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flection of the ammeter needle. 


VOLTAGE 
DOUBLED WITH TWO COILS 


The current flows because of a 
voltage difference induced be- 
tween the ends of the coil. This 
is shown by a deflection of the 
voltmeter needle. 


VOLTMETER 
READS 


VOLTAGE 
ACROSS COIL 


Ifasecond coil, placed opposite 
the first, is connected in series, 
the voltage kick is twice as big. 
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In an alternator the voltage varies too quickly 4% 
for the waveform to be plotted using a volt 

meter. If the ends of the coils are conne 
to a cathode ray oscillograph, the wavef 
is automatically drawn. 


Single-phase 
Generates. 


OSCILLOSCOPE 
SHOWS SINGLE 
PHASE WAVE- 
FORM 


NERATOR 

RANSFORMER 
The voltage of the generator output is in- 
creased in the generator transformer. The 


output of the transformer is transmitted with 
the three phases separate, across country. 


pole of the magnet comes past the coil. (Then a maximum 
current will flow in the reverse direction in the coil.) 

A larger voltage can be created if, instead of a single coil, 
a pair of coils are placed opposite each other. If the coils 
are wired up the right way round, their currents will add 
up to make a single supply of current. 

The current induced by a single magnet rotating 
between a single pair of coils is a single-phase supply. The 
way the current varies with time can be shown by plotting 
a current-time graph. The waveform of a single phase 
current wave is a single up-and-down wave. 

Bar magnets are not used in practical alternators. The 
rotating magnetic field is produced by rotating a fteld coil — 
that is, a coil that carries a current to create a magnetic 
field — between the current coils. Another difference in 


As the magnet is rotated, the voltmeter needle deflection varies. The 
variation of needle deflection with time can be plotted on a graph 
and this 1s the voltage-time waveform. 
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The voltage waveforms from the two sets of coils are 90° out of phase with each other. The 


‘red voltage maximum follows 90° behind the ‘blue’ maximum. 


practice is that a single pair of coils creating a single phase 
supply is rarely used. 

If two more coils were placed in position opposite to 
each other so that the second pair of coils makes an angle 
of go° with the first, then a second current waveform would 
result from the second pair of coils. This would be 90° out 
of phase with the first waveform. This is another way of 
saying that when the magnet is opposite the first pair of 
coils, the current in them is at its maximum value, but is 
a minimum in the second pair. The magnet has to be 
rotated through a further go° before the current in the 
second coil reaches a maximum. A machine with two pairs 
of coils is called a two-phase alternator. A three-phase alternator 
can be made by adding a third pair of coils so that the 
three pairs are set with an angle of 120° between each pair. 

The current in each phase can be carried away in its own 
pair of wires—called neutral and line. The neutral is 
normally held at a steady voltage nearly the same as Earth. 
The voltage of the line wire fluctuates up and down as the 
current from the alternator changes, 50 times each second. 
The neutrals from each phase are connected together but 
the three line wires, one for each phase, are taken away 
separately. So there is a total of three line wires (red, 
yellow, blue), and one neutral (black) carrying away the 
three-phase supply. 

There are a great number of practical advantages in 
using three-phase supplies compared with single and two- 
phase ones. For example, a bigger output can be taken from 
a three-phase generator than from a single-phase generator 
of the same size. Also, less conducting wire is needed to 
transmit the same amount of power using three-phase as 
would be needed with single-phase transmission. For these 
and other reasons, the current in the public supply system 
is delivered by three-phase. It comes in this form all the 
way from the power station, through the Grid and is finally 
split into single-phase locally. An estate of houses might 
be wired up to have one street or group of houses receive 
one phase, while the next street receives another phase. 
Larger consumers might have their power delivered as 
three-phase, and the phases are then split on the premises 
of the consumer. 
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The pylons feed current into the 
transformer. There the voltage is 
reduced and the current sent on tg 
the distribution transformers 
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AN’S wide range of colour vision 

is shared only by the other 
primates — the apes and monkeys. 
Most, if not all, other mammals are 
believed to see only black and white 
and various shades of grey. The bull- 
fighter’s cape would work equally 
well were it blue or green, for it is 
the movement of the cape and not its 
colour that enrages the animal. Many 
other animals, however, do see colour, 
although their range is generally less 


COLO 
ANIMAL WORLD 


he Leopard’s pattern helps to 
conceal it among the foliage 
especially when leaves make a 
dappled effect in sunshine. This 
type of coloration can benefit both 
hunter and hunted. 


UR in the 


than that of Man. Birds, many insects 
and fishes see colours and it is signifi- 
cant that these animals are frequently 
brightly coloured. Whether they have 
good colour vision or not, colour plays 
a big part in the life of animals. 
Colour For Concealment 

Unless they have a special defence 
or escape mechanism, animals must 
conceal themselves from their enemies. 
One way is to merge with the colour 
of the surroundings. Where such re- 


Not all animals see an object in the same colours. The pictures show how a bunch of flowers 


will appear to Man (A), a dog (B), and many birds and fishes (C). 
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The larva of the Eyed hawk moth normally 
hangs upside down and shading effects 
partly conceal it. If put the other way up 
(top), it stands out in relief. 


semblance is useful, natural selection 
has produced beautifully adapted 
animals. Various moths and leaf in- 
sects are good examples. The mainly 
brown grazing animals merge with 
the plains where they feed — especially 
when one remembers that their 
enemies — lions and the like — see only 
in shades of grey. This general colour 
resemblance, however, is only part of 
the answer. A solid body will tend to 


How Colour is Produced 


Colour in the living world is produced 
in two main ways. Pigments are import- 
ant and are found in all types of animals. 
The molecules of pigments absorb light 
of particular wavelengths and reflect 
or transmit the unabsorbed wave- 
lengths, so producing the colour. 
Pigments are often by-products of 
metabolic processes and are deposited 
at various points in the body. 
Melanins — the common black and 
brown pigments are deposited in the 
outer layers of the skin including the 
hair. Many pigments are lodged in 
granules of fat and may disappear upon 
death — the brilliant colours of some 
dragonflies are of this type. 

Structural colours depend on the 
arrangement of molecules and larger 
particles in the body. Thin layers laid 
upon each other cause interference 
in the light rays and break up the 
white light. Iridescence results with 
many blue and purple sheens, although 
white can also be produced by scatter- 
ing of light rays. 


Diagram to show how countershading helps 
to conceal animals. The top animal is plain- 
coloured and shadows appear underneath. 
The shadows are countered by the pale 
underside of the bottom animal and, at a 
distance, it disappears. 


stand out in relief against the back- 
ground of shading effects. 

A great many animals have darker 
colours on the top surface than under- 


a 


Above: The Red Underwing moth rests on 
tree trunks. When disturbed, it flies off with 
a flash of the red hind wing and quickly 
settles again. The red flash deceives the 
enemy. Below: Warning coloration of the 
Cinnabar moth and its caterpillar, both of 
which are unpleasant to taste. 


The disruptive pattern of the left-hand snake distracts from the whole shape which would be 
more obvious were the snake of a single colour (right). 


neath. This feature is called counter- 
shading and was first explained by a 
biologist called Thayer. In Nature, 
the light usually comes from above 
and there is shadow below. This effect 
is countered by the coloration of the 
body and the result is that all shadows 
disappear and the animal merges as a 
flat shape into the background. 
Counter-shading is prominent among 
the grazing mammals where it is pro- 
duced by a gradation of colour or by 
patterns that change lower down the 
body. The zebra’s stripes and_ the 
giraffe’s pattern for instance produce 
counter-shading when seen at a dis- 
tance. These patterns are also dis- 
ruptive. 

Disruptive colouring is another very 
important feature of animal life. Con- 
trasting colours and patterns break 
up the outline of the body and draw 
attention away from the whole shape. 
Although an animal with disruptive 
coloration may look obvious close to 
or out of its natural surroundings, 
against a natural Lackground it may 
completely disappear. Fishes, snakes 
and many ground-nesting birds make 
use of this type of coloration. 


Warning Coloration 

Many animals — especially insects — 
that are poisonous or distasteful are 
brightly coloured. Wasps, Cinnabar 
moths and caterpillars are good ex- 
amples. Alfred Russel Wallace was the 
first naturalist to put forward the 
warning coloration theory. It is that 
the bold yellow or red and _ black 
pattern will quickly be learnt by birds 
and other predators and will be 
associated with unpleasant taste. The 
insects will then be left alone. In fact, 
many harmless insects gain protection 
by mimicking the poisonous ones. 
Colours for Display 

This use of colour is shown best in 
birds and they, of course, have fairly 
good colour vision. The male of the 
species is usually more brightly 
coloured than the female and uses his 
brightly coloured feathers to attract 
a mate. An outstanding example of 
this is in the peacock which erects his 
huge tail feathers to attract the hen. 
Colours also trigger off other reactions 
such as feeding. Some young birds 
open their beaks to be fed when they 
see the shape or colour of the parent’s 
head. 
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| INORGANIC CHEMISTRY 


ROUP analysis is a systematic way 

of finding which metallic ions 
there are in a sample under test. 

The sample is dissolved so that all 

the ions are free to wander around in 
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the solution. Then the metallic ions 
are captured and taken from the solu- 
tion, a group at a time. Lead, silver 
and mercurous ions are taken out first 
of all. They come out of the solution 
when dilute hydrochloric acid is added 
and are known as the group 1 metals — 
the insoluble chlorides. 

Then the group 2 metals are taken 
out. These are the ions of mercuric 
mercury, lead, bismuth, copper, cad- 
mium, arsenic, antimony and tin. 
All form insoluble sulphides in acidic 
solutions so this is used to separate 
them from the rest. 

There are too many metals in group 
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2 (the largest group) to make it prac- 
ticable to analyse it as one group. The 
analysis is made simpler by splitting 
the group into two. Group 2A consists 
of the metals whose sulphides do not 
dissolve in caustic soda and am- 
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The liquid from which 
the precipitate is filtered 
contains metals in later 
roups and is preserved 
or further analysis. 
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These ions are known as the group 2 ions. All of them form insoluble sulphides in 
acidic solution. This is used to separate them from other metallic ions. When hydrogen 
sulphide is bubbled through an acidic solution they come out of solution as sulphides, 
but the others stop in solution. When sufficient hydrogen sulphide has been bubbled 
through, all these ions can be filtered out and separated from the rest. 

If there is only one group 2 metal present, the colour of the precipitate will give a 
clue to its composition. An orange precipitate means cadmium only is present. With a 
mixture, though, the orange colour will not be apparent. 
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monium sulphide. The rest, arsenic, 
antimony and tin sulphides do dis- 
solve. They are the group 2B metals. 

Each sulphide has some special 
property which is used to distinguish 
it from the rest in the group. 
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So that the metallic ions among this possible mixture of mercuric, CONCENTRATED HYDROCHLORIC ACID AND 


: Ben ae ; d MERCURIC POTASSIUM CHLORATE ARE POURED THROUGH 
lead, bismuth, copper and cadmium tons can be identified, the group age THE FILTER UNTIL THE PRECIPITATE DISSOLVES. —_ 
is again split. Bismuth and cadmium are separated from the rest by ot SILKY PRECIPITATE PROVES THE PRESENCE 


dissolving them under conditions in which the other three will not ——_ 


dissolve. 


WASH 


SILKY 
PEUHON : PRECIPITATE 


LEAD SULPHATE 
MERCURIC 
SULPHATE 


LEAD ION 
PASS 
THROUGH 


THE 
BISMUTH 
COPPER FILTER 
AND CADMIUM 
PASS THROUGH 


POTASSIUM 
4TH 
Ae ale { }ADD EXCESS 3 CHROMATE 


AMMONIA 7 SOLUTION 
WARM AND 4 
FILTER 


YELLOW PRECIPITATE 
PROVES LEAD IS PRESENT 


BISMUT 
HYDRO 
THE PRECIPITATE ' 


IT IS DISSOLVED 
IN WARM DILUTE 
HYDROCHLORIC 


OPPER AND) z 

CADMIUM et RATE IS 

IONS PASS DED INTO TWO 

THROUGH . 

THE FILTER "| ITH DILUTE THIS IS ONLY DONE 

D AND IF THE SOLUTION IS 

ADE ep LUE 
FERRO 


ADD POTASSIUM | 
FILTRATE ‘ CYANIDE 
IS POURED : AND PASS 


INTO 5 HYDROGEN 
TURBIDITY SULPHIDE 
PROVES 


BISMUTH ___ YELLOW COPPER 


PRECIPITATE YELLOW 
OF CADMIUM PRECIPITATE 


SULPHIDE PROVES CADMIUM 
THEREFORE 
CADMIUM 


BROWN COLOUR 
PROVES COPPER 


BISMUTH 


CADMIUM 


PRECIPITAT! 

Is WASHED. AFTER BOILING. 
INTO A DISH SOLUTION IS 
WITH CONCENTRATED DIVIDED INTO 
HYDROCHLORIC Two 

ACID 


SS So 


HYDROGEN SULPHIDE BUBBLED 

THROUGH DILUTED SOLUTION 
IVES ORANGE PRECIPITATE 

THEREFORE ANTIMONY 


FILTER 


THE PRECIPITATE IS 


FILTERED OUT AND SILKY 
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STEREO 


Sound in 
Three Dimensions 


T is impossible to get the full effect of an orchestra on a 
recording if all the sound comes from a single loud- 
speaker. The orchestral sound comes from an area about 
70 feet wide and 30 feet deep. When this is recorded on to 
a single-channel (monaural) gramophone record or tape 
it is eventually compressed into a loudspeaker only 8 to 10 
inches in diameter. Listening to this recording would not 
give the impression of being at the concert, no matter how 
skilfully the microphones were arranged at the recording, 
or how carefully all the notes have been preserved. 
Monaural sound lacks size. 

But with two loudspeakers, and two separate channels 
of sound, the reproduction can be far more realistic. Man 
has two ears. If he were listening to the sound in a concert- 
hall, it would be reaching him from all directions. Sounds 
travel along slightly different paths to reach his two ears, 
so each ear hears a different selection of sounds. From the 
two selections, the human brain is able to piece together 
the sounds in three dimensions. It is immediately obvious 
that the sound is originating from a larger area. 

During a professional stereophonic recording to make a 
gramophone record, about six microphones are used. They 
are spaced in various patterns, and the separate channels 
are mixed to produce a final two-channel recording which 
is as realistic as possible. Alternatively, two microphones 
may be placed in a ‘dummy’ head a few inches apart. The 
difference between the sounds received by each micro- 
phone is similar to the difference two human ears detect. 

From this stage the two channels are kept completely 
apart. They are first recorded on separate tracks of a tape 
recorder. The tape recording is used to make the prototype 
ot the gramophone record, the master copy. A diamond 
needle cuts a spiral groove into a metal disc. Side to side 
variations in the groove correspond to the sound vibrations. 
One side of the groove is cut from one channel, and the 
variations in the other side of the groove correspond to the 
other channel. All the record discs are made from the 
master copy. 

When the disc is played, the two channels are still kept 
apart. The gramophone needle (stylus) fits into the record 
groove, and moves from side to side as it follows the groove. 
Each channel is turned into separate electrical oscillations 
in the pick-up head of the record player. 

The electrical signal must then be amplified. Electronic 
circuits, containing valves or transistors, are used for this, 
but it is no use feeding both channels through the same 
amplifier. They would flow through the same valves, and 
become impossible to divide into two again. Each channel 
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PATH 
DIFFERENC} 
OF SOUND 
WAVES 


fj i § PeREE 
Sound reaches the listeners cars f por al parts of the orchestra. He 
also hears echoes from “Whe eal auditorium, Inset: he can judge the 
direction of a sound becapy fas eas « are dnly afew inches apart. 


LEFT HAND CHANNEL é 


At least two microphones are heeded to make a stereophonic recording. 
The number and pose rr an the recording. Electrical 


The two channels aré played back. If the listener sits midway 
between the two loudspeakers, sound appears to be coming from a 
wide area. It gives a better reproduction of the original music. 


of a stereophonic system requires its own amplifier and 


| : zi r fe" ee EADS - 
oud-speaker a Me 2 CHANNELS 


The positions of the loudspeakers depend on the size 
and shape of the room, but it is usual for the loudspeakers 
to be a few feet apart. Ideally the listener sits at the same 
distance from each loudspeaker. Sound appears to be 


coming from all around the listener, and not just from the Se PIEZOELECTRIC 
. . i CRYSTAL ABLE 
direction of the two loudspeakers. However, this effect TO PRODUCE TWO 


occurs only over a limited area, between the two loud- ry 7 eit 
speakers. The range is increased by adding an extra channel 
of sound between the first two. 
Extra channels are an improvement, but they are erred Pees 
expensive. An extra channel necessitates another amplifier RECORD 
and loudspeaker system at the reproduction stage, and 
probably more microphones and amplifiers when the 
g recorded. 


sound is s 


INSIDE TRACK - 
LEFT HAND 


CHANNEL OUTSIDE 


TRACK - 
RIGHT HAND 
CHANNEL 


STYLUS 
TIP 


Stereo Records 


The left and right hand channels of sound are both recorded 
as ‘wiggles’ from side to side in the continuous spiral groove 
cut into the record. Wiggles in one side produce one channel 
and wiggles in the other side produce the other channel. 

The needle, or stylus, fits into the groove, and it moves from 
side to side. The complicated movement executed by the 
needle is analyzed in the pick-up head, and the two channels 
} are kept separate. Wiggles to one side end up as one channel 


SINGLE CHANNEL 
FOR MONAURAL 
RECORDING 


: PILE : of sound, and wiggles to the other side end up as the other 
However many microphones are used in monaural recording, they are channel. 
all mixed to give a single chann In the pick-up head of the record-player, the side to side 


él. 
aot movements are transformed into electrical oscillations. This 
may be done by two separate piezoelectric crystals in the 
pick-up head. It is possible, however, to get two separate 
channels of electrical impulses from one of these special 
crystals, if it is cut properly. 


SINGLE 
LOUDSPEAKER 
BEHIND 
CINEMA 
SCREEN 


TWO LOUDSPEAK 


Stereo in the 
cinema 


TEREOPHONIC 
SOUND FOR A 
SMALL SECTION C€ 
THE AUDIENCE 


When the monaural recording is played back, the sound comes only 
Jrom the vibrating cone of the.loudspeaker. 


STEREOPHONIC 
SOUND FOR MOST 
OF THE AUDIENCE 
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Stereo in Cinemas 

Cinema screens are growing wider and wider, and sound 
has to appear to come from any part of the wide expanse 
of screen. This is not possible with one sound track on the 
film, and one loudspeaker. Two channels might produce 


: : : LEFT HAND RIGHT HAND 
a stereophonic effect, but only the audience midway EACH MICROPHONE PICKS 
* . UP SOUND FROM BOTH INSTRU- 

between the loudspeakers would hear it. Three is the MENTS, BUT THE RELATIVE 

nee Fi ; PROPORTIONS ARE DIFFERENT, 
minimum for a wide screen. For even wider screens AND THE WAVES STRIKE THE 

. . MICROPHONES AT DIFFERENT 

there are up to six channels on the sound-track, and six TIMES 


separate loudspeaker systems. 


Stereo Tape 


The sound in a tape recording is stored as variations in the 
magnetism of a magnetic coating covering one side of the tape. 
When the tape is recorded, it is passed between the poles of 
a powerful electromagnet. The gap between the poles is very 
small indeed, and the magnetic field between them varies with 
the electrical signal reaching a coil of wire wound round the 
magnet. The electrical signal contains the electrical version 
of the sound vibrations. 

In most tape recorders, the sound is not recorded across 
the whole width of the tape, which is divided into two or four 
‘tracks’. On a four-track tape recorder the electromagnet is 
divided into two parts, each of which is magnetized by a 
separate coil of wire. In a stereo tape recorder, these coils of 
wire can magnetize their own part of the electromagnet at 
the same time. The two gaps between the poles are on top of 
one another — each individual channel of music can be recorded 
on a different track of tape at the same time. When the tape 
is played back, the reverse happens. 

Usually the same electromagnet serves for both recording 
and playing back. When the tape passes by the gap in the 
electromagnet again, the variations in the magnetic field 
impressed on the tape produce similar variations in the 
magnetic field between the gap in the electromagnet. Each 
track produces its own variations. These can then be picked 
up by the coil around the electromagnet, and amplified. 


THIS CONTAINS 
MORE VIOLIN 
THAN DRUM 


MAGNETIC FIELD CAUSED 
BY MAGNETIC VARIATION 
IN TAPE IS PICKED 
UP BY PLAYBACK 
HEAD 


- poe = a THIS CONTAINS MORE 
Wave-like variations in the magnetic field on cru THAN VIOLIN 


THE RECORDED TAPE the tape are picked up by the electromagnet. 
VARIATIONS OS Left and right-hand channels are fed to 
amplifiers and loudspeakers. 


PLAYBACK HEAD 


Stereophonic sound is recorded 
on two of the tracks of the tape. 
The sounds are amplified 
separately before they are fed 
to the two coils. The upper 
coil and electromagnet deal 
with the left-hand channel and 
the lower coil with the right- 
hand channel. 
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| ORGANIC CHEMISTRY | 


PHENOLPHTHALEIN 


HERE is nothing very interesting 
about watching a solution of 
caustic soda drip into a flask of acid. 
The colourless alkali drips into the 
colourless acid and a colourless solu- 
tion of a salt forms. Changes are 
taking place in the solution but there 
is nothing to see. By simply looking at 
the liquid there is no way of telling 
when all the acid has been used up. 
Addition of a drop of phenol- 
phthalein to act as an indicator shows 
when the chemical change is complete. 
As long as the solution is acidic and 
the pH value is low, the solution 
remains colourless. ‘Then when all the 
acid has been used up there is a sudden 
appearance of some _ purplish-red 
colour. A change in pH has taken 
place because there is now no more 
acid left in the solution. 
Phenolphthalein is an indicator and 
changes colour according to the acid- 
ity. In acidic conditions (low pH) it 
is colourless. It is also colourless in 
neutral or very slightly alkaline solu- 
tions. Only at a certain level of 
alkalinity does colour start to appear. 
At first sight it looks as though the 
colour change takes place only after 
too much alkali has been added during 
the titration for the readings to be of 
value. If the salt formed during the 
titration is neutral (pH 7), a pH 


PHTHALIC 
ANHYDRIDE 


The name phenolphthalein is derived from 
the two compounds used in its making, 
phenol and phthalic anhydride. 


PHENOLPHTHALEIN 


THE THREE 
MOLECULES 
HAVE COMBINED 


reading of 7 in TH@86faition will mark 
the end of the titration. But the phenol- 
phthalein will not change colour until 


Phenolphthalein changes colour in alkaline solution because its composition changes. 
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2 MOLECULES OF 
PHENOL 


several more drops of alkali have been 
added to raise the pH. The result will 
be meaningless because too much 
alkali will have been added. Phenol- 
phthalein is used only in titrations 
where the compound produced by 
the reaction has an alkaline solution. 

A pure compound is not necessarily 
one that is neutral. For example, a 
pure solution of sodium carbonate will 
always be slightly alkaline because it 
is the salt of a strong alkali and a weak 
acid and consequently its alkaline 
properties predominate. Where an 
alkaline compound forms, an indicator 


_ which changes colour when the solu- 


tion is already alkaline is needed. 
Phenolphthalein changes colour in 
the pH range 8-3~10-0. It is used in 
titrations where the newly formed 
compound has a pH also within the 
range. 

The actual colour change is brought 
about by a chemical change. The 
acidic form of phenolphthalein is 
colourless; the compound formed in 
alkali is purplish-red. 
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[SCIENTIFIC INSTRUMENTS | —— 


Measu ring 
Low 
Pressures 


HE height of the mercury column 
which it will support is frequently 

used as a measure of the pressure of a 
gas — the Fortin barometer used for 
measuring atmospheric pressure works 
on this principle. But the low pressures 
in most vacuum systems support such 


Uses of High Vacuum 


High vacuum systems have been 
used in the electronics industry for 
many years. They are used mainly for 
evacuating the glass envelopes of 
thermionic valves, X-ray tubes and 
similar apparatus. Amongst other uses 
are depositing thin metallic films by 
evaporation and the purification and 
separation of chemical substances. All 
pier oko oes require carefully con- 
trolled conditions, so that it is essential 
that the pressure (vacuum) in the 
system can be measured accurately. 
Vacuum gauges are now being used 
also in the study of the upper atmo- 
sphere and in the exploration of outer 
space. 


short columns of mercury that their 
heights cannot be measured accur- 
ately enough to give reliable results. 
Other means have to be used for 
measuring very low pressures accur- 
ately. 

At pressures of 1 mm Hg (1 éorr) or 
below, there are far fewer gas mole- 
cules in a given volume than there 


WHEN PRESSURE IS 
COMPARATIVELY HIGH 
THERE ARE A LARGE 
NUMBER OF GAS 
MOLECULES TO TAKE 
HEAT FROM THE WIRE. 
THE WIRE REMAINS 
COOL AND ITS 
RESISTANCE IS LOW 
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The electronics industry is one of the most important users of high vacuum equipment. Here 
a cathode ray tube is being prepared for final pumping out. 


are at atmospheric pressure. As a 
consequence the number of collisions 
between molecule and molecule, or 
between molecules and the walls of 
the container is much reduced. Also, 
the gas molecules travel much greater 
distances between collisions than is 
possible at higher pressures. The two 
principal methods used for measuring 
low pressures do not actually measure 
pressures, rather they measure other 
properties which depend upon the 
relative scarcity of gas molecules. 
The Pirani Gauge 

This gauge consists of a heating 
wire or filament, inside a glass bulb 
which has an opening into the evacu- 
ated space. When a small constant 
electric current flows through the 
wire, the wire becomes warm. But 
some of this heat is lost to the surround- 
ings by conduction and convection. 
Since the current is very small and 
the wire does not get very hot, heat 


TORR 


WHEN PRESSURE IS 
REDUCED THE 
NUMBER OF GAS 
MOLECULES IS LESS 
SO THE WIRE HEATS 
UP AND ITs. - 
RESISTANCE RISES 


losses by radiation are very small and 
are neglected. 

Heat can be transferred by conduc- 
tion or convention only if the material 
which is to carry the heat away 
actually touches the hot surface. In 
the Pirani gauge the heat lost by the 
wire depends upon the number of gas 
molecules bumping into the wire, and 
this in turn depends upon the pressure 
of the gas. 

At pressures of about 10 torr (the 
upper limit for this instrument) there 
are many collisions between molecules 
of the gas and the wire, so the wire 
remains quite cool. However, as pres- 
sure is reduced, fewer molecules 
collide with the wire, so it is not cooled 
so much. The temperature of the wire 


The temperature (and hence the resistance) of 
the wire in the Pirani gauge depends upon 
the concentration of gas molecules. The wire 
warms up when there are fewer molecules 
to carry heat away. The bridge circuit for 
measuring resistance 1s shown below. 


‘| TO PROCESS RESISTANCES 
OF THE TWO 
TUBES ARE 


COMPARED 


CIRCUIT 


CONNECTIONS 
TO METER 


-VERY LOW VOLTAGE SUPPLY 


Pressure and Vacuum 
Units 


Measurements of pressures greater 
than atmospheric are generally made 
by comparing the unknown pressure - 
with the pressure of the atmosphere. 
This applies both when using U-tube 
manometers and gauges of the Bourdon 
type. In this way the pressure of the 
atmosphere is regarded as the zero 
of the scale of measurement. The 
pressure inside a motor car tyre may 
be 25 Ib/sq.in. (i.e. 25 Ib/sq.in. above 
atmospheric pressure). However, the 
absolute pressure in the tyre is 
25 |b/sq.in. plus the pressure of the 
atmosphere (about |51Ib/sq.in.), making 
a total of 40 Ib/sq.in. approximately. 
Pressures below that of the atmosphere 
may also be measured relative to 
atmospheric pressure. 27 in. of vacuum 
indicates a pressure of 27 in. of 
mercury below the pressure of the 
atmosphere (30 in. Hg). This is the 
same as an absolute pressure of 3 in. Hg. 

It is more usual, however, for very 

‘low pressures such as those measured 
on the instruments described in this 
article, to be quoted with reference to 
the perfect vacuum. For this purpose 
a new unit —the torr —has been de- 
fined. Named after Evangelista Torri- 
celli (1608-1647) who invented the 
mercury barometer, the torr is equal 
to the pressure exerted by a column 
of mercury | mm. high. Standard 
atmospheric pressure is 760 torr on 
this scale. 
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The McLeod gauge is the only instru- 
ment for measuring very low pressures 
absolutely. A fixed volume of gas is 
trapped (above) and as the gauge is 
turned (below) the gas is compressed 
and its original pressure found. 


! 
ORIGINALLY 
CONTAINED 
SAMPLE 


ANODE 
(TUNGSTEN) 


CATHODE GRID (COIL OF 


(TUNGSTEN) 


Detail of one type of ionrzatiohgauge. 


is assessed by measuring its elect¥cal 
resistance. (The resistance of a e 
increases as it is heated up.) A Whe 
stone Bridge network is used for th 
purpose. The resistance of the wire is 
compared with the resistance of a 
similar wire which is sealed in an 
evacuated tube. These gauges have 
to be calibrated by reference to 
pressures measured by a McLeod 
gauge. 

lonization Gauge 

Vacuum gauges of this type are 
suitable for measuring extremely low 
pressures (in the range o-oo! to 
0:000,001 torr). In principle they are 
specially modified triode valves. The 
electrons emitted by the hot cathode 
of the valve strike molecules of the gas 
and some of these molecules ionize. 
The number of ions created by colli- 
sions between electrons and gas mole- 
cules depends upon the concentration 
of gas molecules (i.e. upon the pressure 
of the gas). 

Since the number of electrons 
emitted by the cathode is_ kept 
constant, the current flowing within 
the valve (i.e. from the hot cathode, 
through the grid towards the anode) 
depends upon the number of ions. In 
this way the current is a measure of 
the gas pressure. 

The electrons emitted by _ the 
cathode are attracted towards the 
grid (a coil of molybdenum wire) 
because the grid has a high positive 
potential compared with the cathode. 
As the electrons possess a lot of 
momentum they travel on through 
the grid. However, the anode is not so 


MOLYBDENUM WIRE) 


positive as the grid so the electrons 
are driven back amongst the molecules 
of gas. This ensures that there are the 
maximum number of collisions be- 
tween electrons and gas molecules. 

In common with the Pirani gauge, 
the ionization gauge has to be cali- 
brated against the McLeod gauge. 
McLeod Gauge 

This is the only gauge capable of 
measuring absolute pressures in the 
low pressure range. A definite volume 
of the gas whose pressure is to be 
easured is trapped by the mercury 
the gauge. As the gauge is turned 


TO PROCESS 


the ionization gauge, high speed 
ons from the cathode strike the 
gasumolecules so releasing extra elec- 
tro ewer electrons are formed as 
the ure of the gas is reduced. 


TO PROCESS 


from the horizontal to the vertical 
position the trapped gas is compressed 
by the mercury. The pressure of the 
trapped gas is increased when its 
volume is reduced. (At these low 
pressures Boyle’s Law applies to al- 
most all gases.) The new pressure of 
the gas is indicated by the difference 
in the levels of the mercury in the 
tube containing the sample and the 
capillary tube beside it. By applying 
Boyle’s Law the gauge can be cali- 
brated to represent the pressure in 
torrs. 
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| OCEANOGRAPHY | 


"THOUGH Julius Caesar defeated 
the barbarian hosts of Gaul and 
Britain, there was one force he could 
not overcome. That was the regular 
ebb and flow of the ocean waters — the 
tides. On the fourth day of his first 
invasion of Britain (55 B.c.) a par- 
ticularly high tide rose in the English 
Channel. Boats which had _ been 
dragged up the beach were water- 
logged; those anchored offshore were 
severely damaged. Accustomed to the 
tideless waters of the Mediterranean 
Sea, Caesar was taken by surprise. 

Caesar was a very practical man. 
Like all seamen who sail along the 
shores of the oceans he soon learned 
the ways of the tides. First the water 
level rises ; this is most noticeable along 
the coasts where the water can be seen 
to advance steadily up the beach. 
After reaching a climax, the water 
slowly retreats, leaving wet stones and 
sea-weeds behind. A low-water mark 
is reached. Then, once more, the sea 
surges back towards the land. High 
tides separated by a low tide occur 
every 12 hours 25 minutes. There are 
thus two levels of high water and two 
levels of low water every 24 hours and 
50 minutes. 

The Moon was long known to be 
connected in some way with the tides. 
The highest tides occurred when the 
Moon was new or when it was full. 
The lowest tides coincided with the 
quarter and three-quarter phases of 
the Moon. It was all rather mysterious 
until Newton revolutionized scientific 
thought in the seventeenth century. 
Newton’s Theory of the Tides 

Making use of earlier observations 
and theories, Newton explained the 


The overall attractive force of the 
Moon is balanced by the Earth’s centri- 
fugal force. 
Though the strengths of tide-raising forces 
are accurately known, the actual effect on 
the ocean waters is not so certain. The depth 
and width of ocean basins and the friction 
of moving water are just a few factors which 
alter the size, frequency and direction of 
tides. Here, to gather more information, an 
automatic tide gauge is being erected by the 
British Royal Navy in coastal waters of the 
Indian Ocean. 
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BOU 
A POINT) ACTS IN THE OPPOSITE 


TIDES - THE OCEAN'S 


universe in terms of gravity. Gravity is 
a force of attraction between masses. 
It prevents the Earth from flying away 
from the Sun and the Moon from 
flying away from the Earth. 

If no other force were involved, the 
gravitational force between the Sun 
and the Earth would cause the Earth 
to spiral inwards and collide with the 
Sun. But there is another force — one 
which balances the inward acting 
force of gravity. This is called centri- 
Jugal force and it acts outwards in all 
bodies revolving about a point. 
However, though bodies appear bal- 
anced and do not change their orbits 
as they revolve around one another, 
individual particles at the surface are 
not in equilibrium. The gravitational 
pull on particles on the Earth increases 
the nearer the particles are to the 
Moon or to the Sun (the planets are 
too small or too far away to have any 
noticeable effect). 

The more massive (denser) land is 
subjected to two and a half times the 
force exerted upon the waters. But 
land is solid and is not very elastic. 
Though it: can be shown to move 
slightly by using delicate instruments, 
the movement cannot be detected 
with the eye. Water, on the other 
hand, flows easily, and as Newton 
explained in his book The Principia 
(published in 1687) it is movement 
under the influence of gravity that 
causes the tides. 

The Moon is only 239,000 miles 
from the Earth and its attraction 
(rather than the Sun’s) is the most 
important tide-raising force. Newton 
found the easiest way to demonstrate 
his theory was by imagining the world 


Underneath the Moon, inward force of 

ravity is greater than outward centri- 
ugal force. On the other side of the 
Earth the situation is reversed. 


MOVEMENT OF WA 


I 


THE MOON'S 
GRAVITATION 


THAN THE EARTH’S 
CENTRIFUGAL FORCE 


O ; ¥ RAV ONAL 


PULSE 


completely covered with a uniform 
layer of water. 

The strongest pull upon this water 
will take place directly beneath the 
Moon. Here, the gravitational force 
of the Moon is greatest and a piling up 
of the water occurs at this point. On 
the other side of the Earth (furthest 
away from the Moon) centrifugal 
force caused: by the revolving Earth 
is greater than the attractive force of 
gravity and water tends to flow away 
from the Moon. 


The phases of the Moon were long ago con- 
nected with the height of the tides. Many 
ancient thinkers came near to solving the 
mystery. 

But the Earth and the Moon are in 
constant movement so that the points 
on the Earth’s surface towards which 
water moves are continuously chang- 
ing. The Earth rotates once every 
24 hours; the Moon revolves about 
the Earth once every 28 days. There- 
fore the Moon will appear to pass over 
the same line of longtitude in 24 ho 

+ 1/28 of 24 hours. This j 
takes out to be 24 hg 


ard 
FORMA N OF TIDES AT NEW MOON 


minutes. High tides will occur at a 
certain place every 12 hours 25 min- 
utes (when the Moon is nearest and 
furthest away from that place). 

A fact which complicates lunar 
tides is that the Moon does not remain 
in the sky directly above the Equator. 
Instead, because of the tilt of the 
Earth’s axis, it appears to move 28° 
north and south of the Equator. The 
levels of alternating high tides may 
vary accordingly. 

The Sun, though 25 million times 
more massive than the Moon, is 93 
million miles away from the Earth. 
Its gravitational pull is only about 
a half that of the Moon and is not such 


an important tide-raising force by 
itself. But the Sun’s position relative 
to the Moon and the Earth is con- 
tinually changing. When the Sun and 
Moon are almost in line with the 
Earth (indicated by new and full 
moons), their gravitational forces com- 
bine and they produce the excessively 
high spring tides. The strongest spring 
tides occur at.each Equinox (March 
21st and September the 21st) when 
the Sun, Moon and Earth are directly 
in line. When the Sun is at right angles 
to the Earth and the Moon (indicated 
by the quarter and three-quarter phas¢ 
of the Moon) the Sun’s action is 
directly opposed to the Moon’s and 


The very high Spring tides take place when Sun, Moon and Earth are in a straight line. 


Lower neap tides occur when the action of the Sun is opposed to that of the Moon. 


SPRING-TIDE AT NEW MOONS AND FULL MOONS. 
THE GRAVITATIONAL FORCES OF SUN AND MOON 
ARE COMBINED 


MOON'S ATTRACTION 


SUN’S ATTRACTION 


FORMATION OF NEAP TIDES AT THREE-QUARTER MOON 


NEAP TIDE 


SUN AND MOON ARE WORKING IN 
DIFFERENT DIRECTIONS 
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Many rwwers show tidal bores — a vertical 
wave which charges upstream. The cause is 
the sudden increase in the level of shallow 
river water. 


the very low neap tides occur. 

The apparently mysterious con- 
nection between tides and the Moon’s 
phases has very good reason. 
Dynamic Theory of Tides 

The exact gravitational forces acting 
upon a point on the Earth’s surface 
can be worked out mathematically. 
Yet movements of the tides do not fall 


that in simplifying his theory for the 
sake of easy understanding, Newton 
had consciously disregarded many 
other factors. In 1775 Laplace, the 
French astronomer and mathema- 
tician, attempted a more complete 
explanation. 

If Newton’s uniform expanse of 
water did exist, there would be two 
tidal waves with crests 12,500 miles 
apart at the Equator (half the circum- 
ference of the world at the Equator). 
But the seas are interrupted by conti- 
nents with irregular shore-lines; only 
in the southernmost seas where there 
is no interruption by land masses can 
anything like Newton’s idea be ap- 
proached. 

Again for simplification Newton 
thought of the water directly altering 
course as soon as it was pulled in 
another direction. This of course does 
not happen. Once moving, the sea 
has energy of its own and does not 


Accurate records of tidal ranges can be made by avoiding the effect of waves. The true tidal 
pressure is transmitted, by water in a pipe, to a tank installed near the shore. The level 
recorded in the tank ts the true tidal level. 


exactly in line with the predictions. 
All sorts of oddities occur. For in- 
stance, at places along the same coast 
a few miles apart, the levels of the 
same tide may be completely different. 
More strangely, the tides are not at 
their highest when the Moon is exactly 
overhead. There is a time lag, called 
an establishment or lunar interval between 
the moment the Moon passes overhead 
and the moment high tide occurs. The 
lunar interval may be as much as 
6 hours. 

The reason for such deviations is 


GRADUATED 
POLE 


immediately change course when a 
new force is exerted. Another force 
which complicates water movement 
is the Coriolis force, set up by the 
Earth’s rotating about its own axis. 
But the explanation of the lunar in- 
terval (the lapse in time between the 
Moon’s passing overhead and_ the 
movement of high tide) is largely one 
of wave interference. Some waves in the 
oceans are caused by other forces, 
e.g. earthquakes. Rarely are these 
so-called free-waves capable of travel- 
ling at the high speeds of lunar tidal 


THE DISTANCE BETWEEN HIGH AND LOW WATER MARKS 
VARIES ACCORDING TO THE SLOPE OF THE SEA FLOOR 


LOW 
WATER 
MARK 


HIGH 
WATER 
MARK 


Tidal surges take place when high tides are 
supported by strong winds. The sea water is 
heaped up dangerously and may break into 
neighbouring low-lying lands. 


waves. They cannot be in phase with 
the lunar tidal waves and so inter- 
ference takes place. Interference is 
particularly strong along the Equator 
and becomes less and less towards the 
poles. 
High and Low Tides 

The level of the water in the open 
oceans rises and falls by only about 
two feet. In shallow lakes it may be 
as little as a couple of inches. But where 
the deep ocean basins come in contact 
with the shallow continental shelves, 
there is an enormous decrease of space, 
and water can only accommodate 
itself by piling up along the coasts. 
The level may rise 40 feet or more. 

When tides flow in river estuaries, 
they are slowed by the very shallow 
water. The flood tide can flow faster 
than the ebb tide, however, so the 


level of the water rises faster than it 


falls. In some rivers the level changes 
so rapidly that a single huge wave 
advances upstream — a tidal bore. 
Times of great danger for any low 
shoreline are when high spring tides 
coincide with strong winds heaping 
up the water. The effect may be to 
increase the level of high tide by 10 
feet or more, and drive the water 
forward over the land. Over the years 
the loss of life and damage to property 
caused by such tides is collossal. 


STEEP SLOPE 


| MEDICINE | 


THE RHESUS FACTO 


BEFORE giving a blood transfusion, 

doctors must make sure that the 
donated blood will mix with that of the 
patient. There are four main groups of 
blood — A, B, AB and O — which differ 
chemically and which do not mix 
freely together. Blood from a donor is 
tested and will always be labelled with 
one of these groups so that a patient 
can receive blood of the correct group. 
As well as its ABO grouping, blood 
will also be labelled Rhesus positive or 
Rhesus negative. 

The rhesus factor — so called because 
it was first discovered in rhesus mon- 
keys — is a substance (more correctly 
a group of substances) present in the 
red blood cells of about 83% of the 
British population. These 83% are 
called rhesus positive (Rh+-) while the 
other 17%, lacking the factor, are 
rhesus negative (Rh—). The rhesus 
grouping is quite independent of the 
ABO grouping. 

If Rh-+ is transfused into an Rh— 
person it is treated rather like a germ 
would be treated. The Rh— blood 
produces chemical substances (anti- 
bodies) that destroy the rhesus factor. 
The formation of antibodies is slow 
and a first transfusion of Rh+ blood 
into an Rh— person may have no 
harmful effect. Antibodies are almost 
certain to be produced in the Rh— 
person, however, and these antibodies 
will remain in the blood — just like the 
antibodies produced by vaccination. 
If a further transfusion of positive 
blood is given it will be partly des- 
troyed by the antibodies. If the anti- 
body concentration builds up, any 
later transfusion of Rh+ blood will be 
completely destroyed —sometimes with 
fatal results. It is therefore vital that 
Rh— people should receive only Rh— 
blood. 

The rhesus factor is especially im- 
portant in expectant mothers who 
should always be tested for rhesus 
grouping. The rhesus factor is con- 
trolled by genes from both parents and 
it is common for an Rh— woman to 
have an Rh-+ baby. In rare instances 
some of the baby’s blood may get into 


Doctors and nurses giving a complete transfusion to an affected baby. The cylinder provides 
oxygen to help respiration. Both blood and saline solution are being given. 


the mother’s blood-stream and trigger 
off the production of antibodies. These 
antibodies are very unlikely to affect 
the first baby but they remain in the 
mother’s blood-stream and would al- 
most certainly affect a subsequent 
Rh-+ baby. If the mother had previ- 
ously received a transfusion of Rh+ 
blood, however, a first Rh+ baby 
would be affected. 

Rhesus antibodies are dissolved in 
the blood plasma and can pass across 
into the unborn baby. If the baby’s 
blood is rhesus positive, the antibodies 
will attach themselves to the red 
corpuscles and begin to destroy them. 
This results in the condition called 
haemolytic anaemia in the new-born 


baby. The blood cells are destroyed 
almost as soon as they are formed. 
This condition was formerly incurable 
but modern techniques of blood trans- 
fusion have overcome it. 

If blood tests on the mother show 
that Rh antibodies are present in high 
concentration, there is a strong likeli- 
hood of the baby’s being seriously 
affected. Transfusion apparatus is 
made ready and, if the baby is 
anaemic, its blood is completely re- 
placed by transfusion with Rh— 
negative blood. In due course the 
baby’s body will produce its own 
blood (Rh-+ ) and the Rh— blood will 
be broken down naturally before it 
has time to produce antibodies. 
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The Measurement of 


Sound and Nolse 


OISE or unwanted sound is be- 
coming a major problem nowa- 
days. At airports, in large factories and 
on the roads the amount of noise is 
increasing every day. 

Very little energy is required to pro- 
duce sound, and it is also transmitted 
very easily through the air, through 
building structures, or round corners. 

A part of an engine or any vibrating 
object will be a source of sound, as it 
pulls and pushes the molecules of air 
around it. In air, as in other materials 
such as steel or concrete, these pres- 
sure variations, passed from one layer 
to the next, constitute a sound wave. 
The molecules in a layer move back 
and forth in the direction in which the 
sound is travelling. The ear detects 
these pressure variations as sound. 
The number of pressure waves reach- 
ing our ears each second is the fre- 
quency of the sound. This depends on 
the rate at which the object is vibrat- 
ing. A high note is of high frequency, a 
low note of low frequency. For ex- 


Ordinary sounds and the regions of intensity 
and frequency in which they lie. 


FLUTE MUSIC 
0,000 C/S 


SPEECH 


FREQUENCY IN CYCLES PER SEC (C/S) 
' 
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MIDDLE EAR 


HE PRESSURE VARIATIONS IN 
A SOUND WAVE MOVE 

THE EAR DRUM BACK AND 
FORTH. THE MOTION IS 
CARRIED INTO THE FLUID 


OF HAMMER AND STIRRUP 


ample, A above middle C on a 
clarinet has a frequency of 440 cycles 
per second, i.e. 440 pressure variations 
reach our ears. A large pressure varia- 
tion in the air seems to us a loud sound. 

It is the variation in pressure of the 
air, caused by the arrival of a sound 
wave, that is commonly measured by 
scientists. Such measurements provide 
values of sound pressure. Another im- 
portant quantity is sound intensity. This 
is a measure of the energy that is carried 
by the sound wave. It is not the same 
as the sound pressure but the two 
quantities are related — the larger the 
pressure, the greater the intensity. A 
third quantity is the loudness of a 
sound. This quantity tells us how loud 
a sound seems to be, compared with a 
‘standard’ sound of fixed intensity and 
frequency. The frequency of the stand- 
ard has to be fixed because, to the ear, 
two sounds of equal intensity but 
different frequency appear to be of 
different loudness. 

For this reason, when loudness is 
measured, the intensity of the un- 
known sound is always compared with 
the intensity of a 1,000 cycle note. 


OF THE INNER EAR BY THE LEVER SYSTEM 


The ear is very sensitive. The range of 
sound intensities over which it can hear is 
enormous. 


HAMMER 


EAR DRUM 


JOUTER EAR 


Hearing Sound 
Our ears are not equally sensitive to 
sounds of different frequency. Low 
notes and high notes do not seem as 
loud to us as notes of medium fre- 
quency. Our ears are most sensitive 
around 2,000 cycles per second. The 
lowest sound the ear hears is about 18 
FINE SUSPENSION FIBRE 
THE SOUND 
VIBRATIONS 


ENTER THE 
TOBE HROUG 


IGH_A WINDO\ 


A small elliptical shaped disc is deflected 
by a sound wave. This ts called a Rayleigh 
Disc. 


cycles per second and the highest noted and this is a measure of the 


about 18,000 cycles per second. intensity of the sound wave. This 

..... Measuring Sound — device is called a Rayleigh disc. Other 

..~- Rayleigh’s Disc types of mechanical instruments use a 

fas= There is a lower limit to the inten- diaphragm which is set vibrating by 

ae - re CU RE sity of a note that we can hear. This the sound. The diaphragm moves a 
S44 ee + varies with the frequency and is called needle or reflects a beam of light on to 


- {the threshold of hearing. There is also a film and a record of the sound is 


F445 SHROUDED OF 
TO ELIMINATE WIND 
EFFECTS 


; ; Electric sound-measurin 
Recording the noise level of an aircraft. Aircraft are responsible for a lot of high level instruments ; 


sound. The reduction of this is an important part of the work of the acoustician. Most electric sound-measuring in- 


struments measure the sound pressure. 
ve These instruments are made up of a 
Finding a sound spectrum microphone, an amplifier, and some 


An aircraft engineer wants a sound recording of an engine. His purpose is to find out the sort of recorder. In the microphone the 
components which are emitting sound. Each of these emits sound of a certain fre- sound pressure is converted into an 
quency depending on its natural rate of vibration. Either an instrument called a frequency | eee L wine? liGed 
analyzer is brought along to the engine, or else a good tape recording is taken of the electrical signal, which 1s amphnied, 
sound and this is then analyzed in the laboratory. The frequency analyzer can be and then used to operate a pen or a 
switched to amplify only sound within certain narrow frequency bands. Starting at the meter. 
lowest ee yivbel 3 gradually up to the highest frequency apaclae a _ When the level of sound is measured 
spectrum is obtained which shows the different levels of sound in each frequency band. ae a 
The natural rate of vibration of each individual part of the engine is then found. (for example by public authorities 
Comparing this with the sound spectrum, the engineer knows which are the noisiest 
parts. Modifications can then be made. 


his meter only measures 
the sound level within a 
narrow frequency band so 
that a sound spectrum can 


be found. 


hear. This also depends on frequency 4 Wittad tiRS aries ; 
and is called the threshold of pain. ff (Gath 

If an elliptically shaped board is 1a A 
held at 45 degrees to the direction of a 
stream of air it will tend to set itself 
broadside on. This effect can be used 
to measure sound intensities. Simi- 
larly, if a small ellipse made of glass or 
mica is suspended by a fine stiff fibre 
at a fixed angle of 45 degrees in a 
sound wave, it will tend to set itself 
broadside on to the longitudinal back 
and forth motion of the air molecules. 
If a light beam is reflected off it, the 
angle through which it turns can be 


i 


CRYSTAL 
MICROPHONE 


- 
- 
- 
- 
. 

. 
7 
= 
- 
_— 
» 
J 


worl; 
= ee 


instrument that is causing the noise. 


ifficulty in measuring sound 


The difficulty in measuring sound is that any instrument used will distort the sound 
wave and not give a true value. For this reason the receiving part of the instrument must 
be made very small. This is why the receiving heads of microphones are made as small as 
possible. If the person recording the sound is near, then he will also be a cause of dis- 


tortion. This applies both to the microphones used for recording sound, and to sound- 
measuring instruments. 


Exact sound measurements on an engine are best taken where there are no disturbing 
sound reflections. This can be in the open air, where the microphone is enclosed in a 
silken balloon to remove wind effects, or in an anechoic chamber that is, a room designed 
to be without echoes. But for ordinary measurement of background noise such as from 
traffic or office typewriters, only the general level of sound, including echoes, is 
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measured, 
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Sound level meters 
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whose job it is to control noise) it is 
important not only that the measure- 
ment should be accurate, but that the 
result should tell the operator how the 
sound would seem to the human ear. 
Because sounds of different frequen- 
cies but similar pressures do not seem 
equally loud to the ear, a device has 
been built into meters used for measur- 
ing sound pressure levels. This ensures 
that low sounds of equal pressures do 
not measure as loud as sounds of 
medium frequency (to which the ear is 
more sensitive). This is called weighting 
the frequency range. It is an attempt 
to approximate to the peculiarities of 
the human ear. 


A Transistor sound level weighted meter 
which will read from 30 to14go db. 


High level noise is detrimental to work and efficiency. As insulation against sound is difficult, noise reduction is best carried out on the 


The decibel scale is used to measure sound 
intensity. As sound intensity goes up, so by 
definition, does the value of one decibel (db). 
A one decibel increase at go db is a much 
greater absolute pressure increase than a 
similar increase at 9 db. Most people hear 
over an approximate range 0 — 120 db. 


—_— 
AX. 


IDE“A CAR THE SOUND LEVEL IS 
AROUND 50 db 
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TD RAGONFLIES can be seen flying 

to and fro in summertime over 
almost any permanent stretch of water. 
Their swift darting flight, turning 
here and there to capture insects in full 
flight, has intrigued naturalists for 
centuries. They feed greedily on any 
other insects that they can catch and 
they destroy vast numbers of gnats 
and mosquitos. Contrary to popular 
belief, however, dragonflies are harm- 
less to Man and his animals. The name 
‘horse-stinger’ often applied to dragon- 
flies is quite undeserved. 

The earliest known dragonflies are 
fossils from the Coal Measures more 
than 200 million years old. Some of 
these were huge insects about two feet 
from wing-tip to wing-tip — certainly 
the largest known insects ever to have 
lived. Modern dragonflies are — with 
few exceptions — less than a quarter 
that size but otherwise are not greatly 
different. There are two distinct 
groups — the dragonflies proper and 
the slender damsel flies. The latter 
flutter lazily among the reeds — very 
different from the rapid purposeful 
flight of the true dragonflies. 

Dragonflies rely almost entirely on 
sight for finding their prey and their 
huge compound eyes may be as big as 
the rest of the head. The head is 
balanced on a very tiny ‘neck’ and can 
be turned very easily when the insect 
is looking for food. The jaws are large 
and powerful. In flight, the spiny legs 
are held under the head in a sort of cup 
to trap the prey which is then carried 
to the mouth. The manoeuvrability of 
a dragonfly in the air is amazing. Each 
wing can be moved independently, 
allowing instant turning and even 
flying in reverse! Adult dragonflies 
seem to have definite territories for 
hunting and a single one can be seen 
swooping to-and-fro for hours along a 


. 
? A TRUE 
DRAGONFLY 


A broad-bodied draganfly in fligh 


t. In the bac round are a dragonfly and a damsel-fly at 


ato 9 


rest. The damsel fly rests with wings folded over the body. In the foreground are a pair of 


insects laying eggs and a full-grown nymph. 


small length of stream. They seem to 
be forever hungry. 

The early life of dragonflies is spent 
in the water. After pairing, the female 
drops her eggs into the water or lays 
them on underwater plants. She may 
be helped in this by the male who 
grasps her by the ‘neck’ and holds her 
at the water surface. When the egg 
hatches, a nymph emerges and begins 
to feed on various small animals on the 
bottom. A unique feature of the nymph 
is the way in which the lower lip is 
developed into a food-catching organ 
(the mask). It is hinged and, when not 
in use, is folded under the head. When 
a small animal approaches, the mask 
shoots out and captures the prey on the 
two sharp spines. 

. The nymphs obtain oxygen from 
the water by means of delicate gills. In 


—_the true dragonflies these line the hind 


part of the gut but in the damsel flies 
they project from the end of the body. 

About twelve moults are undergone 
before the insect is mature and this 


may take one or more years. The 
wings gradually appear on the body 
and get larger at each moult. When a 
nymph is fully grown it crawls up a 
stem and out into the air. The 
nymphal skin splits and out comes the 
adult —a soft crumpled object. The 
heart pumps blood into the wings and 
the abdomen and these gradually 
swell and harden. In an hour or two 
the dragonfly flies away although it 
will be a day or two before its full 
colours develop. The adults probably 
do not live for much more than a 
month. 


A DRAGONFLY 
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INORGANIC CHEMISTRY 


Moving Ions Ferry the Current 


AN electric light can be turned on 

and off simply by pressing on a 
switch. When the light is on, an electric 
current is flowing through its filament. 
Electrons flow freely round a com- 
plete circuit. When the light is 
switched off, part of the circuit is 
disconnected. There is a gap in the 
circuit and the electrons are not able 
to jump the gap. The current can only 
flow when it is once more bridged by a 
piece of metal. 


CATHODE 


9. 


cannot flow. But when the ends are 
dipped into a solution that zonizes, the 
current continues to flow because the 
ions in the solution act as the current 
carriers, ferrying the charge which 
constitutes the current between the 
two pieces of wire. 

Any ionic solution has in it some 
positively charged ions and some that 
are negatively charged. Those with 
negative charges migrate towards the 
positive wire, the anode. The posi- 


ANODE 
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The ions in this solution are responsible for transporting the current between the electrodes. 
At the cathode the positively charged ions take up the electrons arriving there. The negative 
tons give up electrons at the anode. 


The current can flow through a 
metal wire because some electrons in 
the metal are only loosely bound and 
are free to wander around. They can 
be pushed along the metal, passing 
from atom to atom as they do so. The 
metal is a conductor of electricity. 

When a wire carrying a current is 
cut and the two ends of the wire are 
dipped in an organic substance like 
benzene, the current stops flowing. 
The electrons in organic molecules are 
not free to move in the liquid. The 
electrons cannot jump the gap be- 
tween the wires and the current 
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tively charged ones migrate the other 
way to the negative wire, the cathode. 

When molten sodium chloride is 
electrolyzed in this fashion, the posi- 
tively charged sodium ions set off to 
the cathode where electrons are arriv- 


ing. Each newly arrived sodium ion 


takes up an electron, becomes electri- 
cally neutral and as sodium metal, it 
deposits itself on the cathode. Going 
the other way in the liquid are the 
negatively charged chloride ions. The 
battery driving the current is con- 
stantly pulling electrons off the anode, 
leaving it positively charged. It needs 


replenishing with electrons. This is 
done by the chloride ions. Each ion 
gives up an electron to become a 
neutral atom. The atoms join in pairs 
to form molecules and bubble off as a 
gas (chlorine). 

In this way the electrons in the wire 
connecting the electrodes are kept 
flowing. The sodium and chloride ions 
transport the current, but not equally. 


ANODE 


The boundary of cadmium chloride can 
be seen and measured as it moves up the 
column. 


The chloride is busier than the sodium 
ion and has a far greater share in the 
transportation. 

It nearly always happens this way. 
One type of ion ferries more of the 
current than the other. In dilute 
hydrochloric acid, the hydrogen ions 
are the chief current carriers, not the 
chloride ions. The copper ions of cop- 
per sulphate solution do much less 
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RABBITS ARE ALL RUNNING AT SAME SPEED 
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The concentration in the central part is unchanged. Near the rabbit holes (electrodes), the concentration is lowered by equal amounts because 
the rabbits have moved at equal speeds. (Below) At different speeds electrode concentrations are not the same. 


work than the sulphate ions in this 
respect. 

The ability to transport current is 
the ability to transport electric charge. 
Hydrogen, sodium, chloride ions — and 
other ions with a valency of one can 
carry only one unit of charge. Mag- 
nesium ions and sulphate ions are both 
divalent and carry two units of charge 
when they transport current. Other 
ions are capable of carrying three 
units of charge. The ability of an ion to 
carry current depends on its valency. 
The higher the valency, the better its 
current-carrying ability should be. 

The monovalent ions are rather like 
bicycle riders. One person makes the 
journey per bicycle. A two seater car, 
(divalent ion), can take two and a lar- 
ger car can take more on each 
journey. 

Valency is not the only factor to con- 
sider in deciding which ions are the 
best ferriers of current and how much 
each type contributes to the process. 
Speed is a very important factor. It is 
more efficient to have two men travel- 
ling on separate motor bikes than it is 


to send both of them in something as 
slow as a donkey cart. Ions ferrying 
charge one at a time, can, if they move 
quickly, be more efficient than slug- 
gish ions ferrying charge two at a 
time. 

The actual velocity of an ion 
depends on several factors. The type 
of ion is important in determining its 
velocity, so is the concentration of the 
solution through which the ion travels. 
If the solution is concentrated, the ion 
has to battle and push its way past 
many more ions moving in the op- 
posite direction. This has the effect of 
slowing it down somewhat. The 
velocity also depends on the tempera- 
ture and the amount of ‘pull’ the ion is 
receiving, i.e. the voltage drop along 
its path. 

There are several ways of measuring 
the part each type of ion has to play. 
The Hittorf method is based on changes 
in concentration around the electrode. 
In the moving boundary method, a patch 
of coloured ions can actually be seen 
moving across from one electrode to 
the other. 


The proportions of ions transported are 
found by analyzing the solutions found in the 
electrodes. 
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| TECHNOLOGY | 


THE STEAM TURBINE 


"THE Greek inventor, Hero, made 

the first steam turbine in the first 
century B.c. It was a metal sphere 
with two curved exit pipes for the 
steam. Steam at high pressure entered 
the sphere, and accelerated from the 
high pressure inside the sphere to the 
lower pressure outside. This caused a 
reaction in the pipes which pushed the 
sphere round in the opposite direction 
to the steam jets. 

In the steam turbine, power is 
developed directly on a rotating wheel 
(or a sphere in Hero’s machine). This 
distinguishes the turbine from the 
piston engine. Steam pressure forces 
the piston to move backwards and 
forwards. Then, complicated crank 
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THE INSIDE OF A 
60 MILLION WATT, THREE CYLINDER 
TURBINE, AXIAL FLOW 


mechanisms are needed to convert the 
forwards-and-backwards movement 
into the rotary movement required by 
most types of engine. 

A different kind of turbine can be 
easily made, from an old treacle tin 
and odds and ends. Water is boiled in 
the tin and steam escapes from a small 
hole in the lid. This steam pushes 
against a turbine wheel (made from a 
5 tin disc), causing it to rotate. 
VANE = Hero’s turbine is a reaction turbine. 

WN WUUCUE en 5 The one made from a treacle tin is an 
impulse turbine. In both types of turbine, 
steam at high pressure is allowed to 
expand through a jet. As it does so, its 
temperature and pressure drop, but 
the steam gains kinetic energy (energy 
of movement). In a reaction turbine, 
some of this kinetic energy is given im- 
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Above: The first reaction turbine. The 
high-pressure steam expands and cools, and 
the sphere reacts by turning back in the 
opposite direction. 


Below: An early impulse turbine. 


BRANCA’S STEAM TURBINE (1629) 


STEAM 
DELIVERS 
IMPULSE 
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Steam turbines are made with several stages, 
to utilize most of the energy of the hot 
steam. The stages increase in size, to allow 
Sor the expansion of the steam. 


mediately to the moving jet. In an im- 
pulse turbine some of the energy is 
transferred to the turbine wheel. 
Axial Flow Turbines 

Most practical turbines are in fact 
a combination of impulse and reaction 
turbines. Steam is produced in a coal 


or oil fired boiler. It is kept under 
high pressure and then escapes from a 
jet. It expands, shoots out at high 
speed and hits the sharply curved tur- 
bine blades, pushing them around. 
After that, the steam is redirected by a 
second set of blades (stator blades, 
fixed rigidly to the turbine casing), on 


\ to another set of impulse blades. 


By this time the steam has lost nearly 


SS 


it 


all its kinetic energy, but it is still at a 
fairly high temperature and pressure. 
If the turbine is to be efficient, the 
energy possessed by the hot steam 
must be used up in additional stages. 

The lower pressure stage is usually a 
reaction stage. Here the steam passes 
through the blades of a turbine disc, 
expanding and accelerating, and caus- 
ing a reaction in the blades. The 
blades spin around. 

In between each set of reaction 
blades is a set of fixed (stator) blades 
which straighten out the flow of 


Steam turbines are sometimes used for ship 
propulsion. This is an impulse turbine. 
Because the steam turbine spins much more 
rapidly than the propeller, gears must be 
used in between. 
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steam. Each stage of the steam turbine 
is larger than the previous one to 
allow for the expansion of the steam. 
In this kind of turbine, the steam 
travels parallel to the axis around 
which the rotors spin. So it is called an 
axial flow turbine. Most turbines are of 
this type. 
Radial Flow Turbines 

Radial flow turbines are another 
form of reaction turbine. The blades are 


RADIAL FLOW 
OF STEAM 


not arranged in discs, as in an axial 
flow turbine, but in concentric rings. 
Steam enters at the centre and flows 
outwards. It reacts on the blades, 
turning one ring of blades one way 
and the next the other way. The rings 
of blades are fixed on to two discs, 
which are free to rotate independently 
of each other. 

Uses of the Steam Turbine 

The main use of the steam turbine is 
generating electricity. The largest tur- 
bines can produce 500,000 kilowatts 
and the smallest about 1,000 watts. 
The generator is usually directly con- 
nected to the rotating shaft of the 
turbine. Where the electricity is sup- 
plied at 50 cycles per second, the 
turbine usually spins around 50 times 
each second. 

Steam turbines are also used for 
driving ship’s propellers. The propel- 
ler spins round about twice per second, 
and it is inefficient for the turbine to 
spin as slowly as this. So gears are used 
to reduce the speed of rotation. 
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A reaction, radial flow turbine (abaze) 


which rotate in opposite directions. Hot steam at hg 
the rings flows outwards, and reacts with the turbind b 
(left) an impulse turbine axial flow, and (right) : 


BELOW: THE TWO TURBINE DISCS 
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he hlydes aye\ynounted on two concentric rings, 
essure coming from the centre of 


. Below: turbine blades for 
the reaction turbine, radial flow. 


| INORGANIC CHEMISTRY 


N group analysis, metallic ions are 
removed from a solution as solid 
compounds, a group at a time. When 
the group 1 and group 2 metallic ions 
have been removed, the solution can 


brought out of solution under care- 
fully regulated conditions as insoluble 
hydroxides. The other metallic ions 
present remain in solution. This en- 
ables the group 3 ions to be filtered out 


$F groups 3 to 6. 
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t is impossi rom the group precipitate whether 
the iron was originally in the ferrous or in the ferric form. 
To find out which, further st be made on the original 
sample. 


WITH POTASSIUM = 
FERRICYANIDE SOLUTION 
PROVES FERROUS IRON 


ORIGINAL 
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RED COLORATION' 
WITH POTASSIUM 
THIOCYANATE 
PROVES FERRIC 
IRON 
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contain a mixture of the 
a -In group 3, the metallic ions separa- 


ted out from the rest are those of zron, 
chromium and aluminium. They are 


IRON 


from the rest. 

Because the three hydroxides have 
different chemical properties, they 
can be separated one from another and 


identified. 


ions in 


CHROMIUM 


ALUMINIUM 


If there is only one group 3 metal present, the colour of the group precipitate will tell 
which metal it is. 
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| HEAT PHYSICS 


VAPOUR PRESSURE 


AFTER a short sharp shower on a 
hot summer’s day the thin film of 
water left lying on the road disappears 
quite rapidly. However, if the weather 
were not so warm, a much longer 
period would pass before the road sur- 
face dried out. This is but one example 
of the process known as evaporation in 
which the liquid (water) has turned 
into vapour. 
All liquids evaporate to a greater or 
lesser extent. The rate of evaporation 
depends upon the temperature. At 


ordinary room temperature ether eva- 
porates more rapidly than water, 
while only a very small quantity of 
mercury is turned into vapour. There 
are even a few solids which evaporate 
fairly easily. For instance, if some 
iodine crystals are heated to 113°C 
and kept at that temperature for some 
time the iodine vapourizes without 
there being any sign of the crystals 
melting (i.e. turning to liquid). 

All the water lying on the road 
eventually disappears because once 


as 


sure. 


‘height of the mercury is a 
measure of the vapour pres- 


some of the water has turned to 
vapour, this vapour is dispersed 
through the air by the motion of the 
other gas molecules. There is a con- 
tinual change of air over the puddles. 
However, if the evaporation occurs in 
a closed space (e.g. in a jar with a 
close fitting lid) and at a steady tem- 
perature, the fall in the volume of 
liquid ceases after a time. The air is 
then said to be saturated with vapour. 
In accordance with Dalton’s Law of 
Partial Pressures the vapour of the 
evaporating liquid exerts a pressure 
just as if it were the vapour alone 
which occupied the space in the jar. 
This suggests a convenient means of 
measuring the pressure of the vapour. 
Two simple mercury barometers are 
set up beside one another. Then a 
small quantity of the liquid is intro- 
duced into the foot of one of the baro- 
meter tubes. This liquid rises up inside 
the tube and evaporates as soon as it 
reaches the mercury surface. The 
vapour entering the vacuum space 
causes the level of the mercury to drop 
and the difference between the levels 
in the two barometer tubes is the 
pressure exerted by the vapour. The 
maximum pressure difference at the 
particular temperature will be ob- 
tained when some of the liquid re- 
mains floating on the mercury surface. 
‘The movement of the molecules 
within a liquid is considerably restric- 
ted (compared with molecular move- 
ment in a vapour) because of the 
action of inter-molecular forces. At the 
liquid’s surface the forces of attraction 
are sufficient to prevent the majority 
of molecules from getting away, but a 
few molecules which have acquired 
rather high velocities do overcome the 
forces of attraction and escape to 
become vapour. Once a number of 
these molecules have turned to vapour, 


we 


SPACE SATURATED _ 
WITH VAPOUR 
"SOME OF SAMPLE 
REMAINS LIQUID 


some of them will strike the liquid sur- 
face again and become liquid once 
more. The number of vapour mole- 
cules alighting on the liquid surface 
depends upon their concentration in 
the vapour (i.e. upon the partial pres- 
sure of the vapour). After a while a 
state of equilibrium is reached when 
the number of molecules leaving the 
liquid equals the number which re- 
enter it. Under g¢thgse conditions the 


When air is saturated with vapour the 
same number of molecules leave the 
liquid surface as return to it each 
second. Raising the temperature in- 
creases the number of molecules 
remaining in the air. 


air is saturated with vapour. 

At low temperatures the energy of 
the liquid molecules is small so that not 
many of them have enough energy to 
escape, but as the temperature is 
raised the average velocity of the 
molecules rises so that more do escape. 
Thus the vapour pressure of a liquid 
rises as its temperature is increased. 

When the vapour pressure is equal 
to the pressure of the atmosphere, 
bubbles of vapour are formed within 
the body of the liquid and boiling 
commences. Liquids boil at lower 
temperatures if the pressure above 
them is reduced, as on a mountain 
side, whereas their boiling point can 
be raised by increasing the pressure as 
in a pressure cooker. 
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| PALAEOGEOGRAPHY | 


GREAT changes in animal life mark 
the opening of the Tertiary 
period 70 million years ago. The age of 
reptile dominance was over. Not a 
single species of dinosaur is known to 
have survived from the previous Creta- 
ceous period. The ammonites — a large 
group of squid-like molluscs that 
flourished in Jurassic and Cretaceous 
seas —had also disappeared. So had 
the belemnites—a group of molluscs 
very closely related to to-day’s octo- 
puses. What caused this mass extinc- 
tion is unknown. 
The new masters of the world were 
the mammals and birds. The mam- 


Britain in Eocene times. In 
Miocene times all of 
Britain was land. 


OUND TODAY 


cene in Eocene ames. Luxurrant vecetation srew in the 


mals particularly increased in variety 
and became adapted to all sorts of 
surroundings. 

Also increasing in number and 
variety were the molluscan snails and 
bivalves. The fossils of many forms 
still living today are preserved in 
Tertiary sediments, and these provide 
a method of dividing the Tertiary 
period into smaller units. The oldest 
Eocene division (Greek, eos, dawn; 
kainos, recent) had only a small num- 
ber of modern molluscan species. The 
next Oligocene (oligos, few) had a 
slightly higher number. The third 
division is the Miocene (meion, less) in 
which the number of modern forms, 
though increased, is still less than the 
number of extinct forms. Finally in the 
Pliocene (pletion, more) modern forms 
are more abundant than forms now 
extinct. 

Throughout most of Tertiary times 
the climate was warm. Luxuriant 
forests covered much of Britain and 
North-West Europe while in the seas 
warm water creatures flourished. The 
temperatures only began to drop at 
the start of the Ice Age in the following 
Quaternary period. 

Eocene Times 

At the start of Eocene times Earth 
movements uplifted the sediments of 
North and West Britain. The rocks of 
Central England were tilted giving 
them their present eastward dip, 


sub—tropical climate. Birds and mammals were the donnnant animals. 


while upwarping in the Wealden area 
started to form the Wealden anticline. 
The sea retreated to Eastern England 
and here in an area rarely extending 
further westwards than a line from the 
Wash to the Exe, Britain’s Eocene 
sediment accumulated. Today this 
sediment is found preserved in two 
downwarped basins — one covering the 
London area and East Anglia, the 
other occupying parts of Hampshire, 
Sussex and Dorset. Originally the two 
areas were continuous though the 
early uplift of the Wealden anticline 
may have formed an island between 
them. 

The first Eocene deposits (Thanet 
Sands) which are found in Kent and 
Essex consist of marine sands resting 
on top of flint nodules weathered 
from surrounding chalk land-masses. 

Thereafter at any one moment in 
Eocene times two types of sediment 
were collecting. On the shores and 
along the coasts lagoonal muds accu- 
mulated while sands built up deltas; 
further eastwards, out to sea, there 
were deep-water sands and clays 
preserving marine fossils. Thus in the 


While Eocene sediments collected in 
Eastern England, vast quantities of 
basalt were flooding from volcanoes 
or through fissures in Antrim (lre- 
land) and the Inner Hebrides of Scot- 
land. This volcanic rock forms the — 
Giant’s Causeway and Fingal’s cave in — 
the Isle of Staffa. Dating is made pos- — 
sible by plant remains recovered from 
associated sediments. : 
Molten material also cooled under- | 
ground giving a variety of igneous — 
intrusions. ees eee 


In Eocene times sandy del- 
tas formed inshore while 
marine clays accumulated 
Jurther out to sea. 
London Basin the so-called Woolwich 
and Reading beds which follow the 
Thanet Sands, are marine in East Kent 
while further west, nearer the shore, 
they are freshwater and deltaic. 

But to complicate matters the posi- 
tion of the Eocene shore-line was 
continually changing. An invasion 
westward of the sea would be followed 
by slow silting up inshore, causing the 
sea to retreat slowly once more to the 
east. Thus the following London Clay 
represents an advance of the sea upon 
the land. It was formed in shallow 
water and contains marine fossils and 
also the remains of land plant and 


Invasion of the sea followed 
depositing marine clays. In- 
shore, shallow-water sands 
again started to accumulate. 


Oligocene, Miocene and 
Pliocene Times 

Oligocene rocks occur only in the 
Hampshire Basin. If they were laid 
down in the London region they have 
since been eroded away. The Hamp- 
shire sediment consists of 650 feet of 
sands, clays and thin limestone. The 
shoreline was continually oscillating 
backwards and forwards, for marine 
and freshwater deposits are present. 

During Miocene times great earth 
movements uplifted the Alps and 
many other great mountain chains. 
But Britain was on the fringe of the 
unstable area and only gentle folding 


Tertiary sediments have been preserved in two downwarps of the crust (sync lines). On high 


ground they have been removed by weathering. 


animals brought down by _ nearly 
rivers. But westward, at the same time, 
the deltaic Bagshot Sands began to 
form, pushing slowly eastward, driving 
the sea back. In strong contrast to the 
heavy London Clays, the sands form 
high, well drained heath lands and 
pinewood country. 

The oldest Eocene rocks in the 
Hampshire Basin are equivalent in age 
to the Woolwich and Reading beds of 
the London Basin. They are fresh- 
water clays which probably formed in 
a lagoon. As in the London Basin in- 
vasion of the sea followed and London 
Clay was laid down offshore while 
Bagshot Sands with fossilized land 
plants formed inshore. The Eocene 
rocks in the London Basin do not 
appear to be complete, for two further 
invasions of the sea are recorded in the 
sediments of the Hampshire Basin. 


and faulting took place. This included 
the completion of the Wealden anti- 
cline in South-East England which 
probably commenced to form earlier, 
in Eocene times. 

No Miocene rocks are known in 
Britain. They exist in France and 
other parts of the continent and 
probably Britain was part of the land 
mass providing the sediment. 

By Pliocene times the sea again 
covered Southern and Eastern Eng- 
land. The land was some 700 feet 
lower, in relation to sea level, than it is 
today. In Southern England, only the 
crest of the Wealden anticline stood 
out of the water. 

Since then, the land has been re- 
uplifted, but spectacularly preserved 
are low platforms cut into the chalk 
hills by the Pliocene seas. Today these 
platforms — once at sea level — are 


Sediment rapidly accumula- 
ted building a delta out into 
the water and causing the 
sea to retreat. 


found at heights of 600 feet and more. 
In many places the platform is backed 
by asteep rise of slope, former cliffs that 
stood along the ancient shoreline. 

Shoreline features are particularly 
well preserved on the northward 
slopes of the North Downs and along 
the southern slopes of the Chiltern 
Hills. The platforms are, in places, 
still coated with Pliocene marine 
sands and gravels. 

More substantial Pliocene sediments 
are found forming part of the so-called 
Crags of East Anglia. Crags are shelly 
sandstones formed near the shorelines. 
The bottom-most Coralline Crag con- 
tains warm water Pliocene fossils but 
the following Red Crags have fossils of 
colder water creatures and are now 
usually taken to represent the first 
sediments of the Quaternary (Ice Age) 
period. 


Top, A wave-cut platform of a present-day 
shore. Middle, Wave-cut platform high on 
the North Downs cut by the Pliocene sea. 
Bottom, Distribution of land and sea in 
Pliocene times. 
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Metallic Strength and Dislocations 


T is possible to work out how strong a 
piece of metal should be from the 
way its atoms are arranged and from 
the forces acting between the various 
atoms. This gives the theoretical 
strength of the metal. 

The theoretical strength and the 
strength found by actual measure- 
ment are two very different values. 
Metals in practice show a strength 
much lower than their theoretical 
strength. This difference is consider- 
able. Theoretical values can be as 
much as 1,000 times greater than the 
normal strength found in any metal. 
The implications of these short- 
comings are obvious. If metals behave 
in the theoretical manner, compo- 
nents in engineering and construction 
work would need to be only a fraction 
of the size, with all the accompanying 
saving in space, weight and cost. 

What causes this discrepancy in 
strength values? To find out, it is best 


METAL BEING 
PULLED IN TWO 


IN EQUILIBRIUM 


PULLING ATOMIC LAYERS APART 


To break a piece of metal, the lattice must 
be broken. There are two ways of doing this. 
The atomic layers can be pulled apart as 
they are here or they can be slid one over 
another. 
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FORCES BETWEEN 


to consider in detail what happens 
when a metal is fractured. Metals 
normally consist of an aggregate of 
crystals or grains. Within these grains 
the metallic atoms are arranged in a 
regular geometric pattern, or lattice. 
This lattice may be thought of as a 
three dimensional array of planes of 
atoms, with all atoms approximately 
equally spaced from their neighbours. 
The atoms maintain their positions in space 


due to a balance between the attractive and 
repulsive forces acting on them. Anything 
trying to disturb that equilibrium, 
trying to deform the lattice, meets 
strong resistance. This gives the metal 
its characteristic strength. 

A single metal crystal can be frac- 
tured by separating two of the planes 
of atoms with a straight pull at right 
angles to them. The total force needed 
will be the sum of all the attractive 


SLIDING LAYERS OF ATOMS 


LAYER OF ATOMS IN EQUILIBRIUM 
EACH ATOM RESISTS FORCES TRYING 
TO PULL IT 


THIS ATOM IS ATTRACTED 


BACK TO ITS OLD POSITION. 
IT IS ALSO ATTRACTED ON TO 


2a 


PULLING 
ON TOP 
LAYER 


THE NEXT EQUILIBRIUM POSITION 
(DOTTED IN RED). IT COULD MOVE 
IN EITHER DIRECTION, BUT IT MOVES 


FORWARDS BECAUSE THE FORCE 
HAT W. 


NEW 
EQUILIBRIUM 
POSITIONS 


THE FORCE REQUIRED 
TO DO THIS CAN BE 
CALCULATED. THE 
CALCULATED FORCE IS 
ALWAYS VERY MUCH 
GREATER THAN THE 
FORCE ACTUALLY 
NEEDED 


The forces calculated to break a piece of metal by pulling the atomic layers apart or 
sliding the layers of atoms one over the other are much greater than those found in 
practice. In other words, the metal is much weaker than it theoretically should be. 


forces between the atoms in one plane 
and their opposite numbers in the ad- 
jacent plane. This force, which can be 
calculated, gives the maximum stress 
which any given metal could theoreti- 
cally withstand. But, even in a single 
crystal, it is impossible to ensure even 
distribution of the stress over the 
cleavage plane, and local concentra- 
tions of stress may be expected to 
lower the strength. If there were no 
stress concentrations, the theoretical 
strength would be about 1,000 times 
that of the normal strength for a 
metal. Even allowing for the stress 
concentrations, the strength should 
still be several hundred times greater 
than is observed. However, a piece of 
metal normally consists of more than 


SPIRAL GROWTH ON 
THE SURFACE OF 
SOME PARAFFIN 


de 


AS THE WAX “a © OTHE SPIRAL 


SOLIDIFIED, = STRUCTURE 
ITS ATOMS BUILD s CONSTITUTES 
UP_IN THIS SPIRAL : A FORM OF 
FASHION WEAKNESS 


A spiral growth, point of weakness which 
formed when some paraffin wax cooled. 


one crystal. In a metal, the atomic 
planes in the crystals are not aligned 
with each other and so cannot respond 
uniformly to an applied stress. This 
gives rise to stress concentrations. The 
boundaries between grains of metal, 
where the lattice breaks down com- 
pletely, have a similar effect. Even so, 
this does not account for all the weak- 
ness of the metal. 

There is another way of fracturing a 
piece of metal. A shear force can be 
used to slide a plane of atoms across 
another. When a force is applied to 
slide one plane over another, there is, 
of course, resistance. However, when a 
particular atom has moved about half- 
way from its old stable position it 
begins to be attracted to a new stable 
position that is now being vacated. As 
the atom will be in equilibrium in 
either position and it is being pulled 
forward, it goes forward, helping the 


external shear force. This process will ° 


continue as long as the shear force is 


THE GRAIN BOUNDARIES ARE A POINT OF 
WEAKNESS 


Metal atoms in grains of metal are arranged in a lattice. Forces binding the atoms together 


make it difficult to part them. 


applied. The lattice, the crystals and 
in turn the whole piece of metal is 
therefore deformed. 

This state of affairs, where the 
atoms move permanently to a new 
position and give a permanent defor- 
mation to the metal, is called plastic 


Making dislocation-free silicon by slowly 
withdrawing a crystal that is just dipping 
in some molten silicon. The crystal grows 
as it is pulled out. This silicon is much 
stronger than ordinary silicon. 


MOLTEN 
SILICON 


deformation. If, on the other hand, when 
the deforming force is released, the 
atoms spring back to their original 
positions, only elastic deformation has 
taken place. If the shearing is taken to 
its limit, the metal will fail or fracture. 
So this is another mechanism of 
failure. But does this account for the 
low observed strengths? The answer 
is ‘No’. Even failure by pure shear 
gives theoretical results several hun- 
dred times greater than the real 
strength of the metal. 

A lump of metal does not behave 
uniformly throughout. The metal is 
more likely to crack in some places 
than others. 

The boundary between grains of 
metal is probably the weakest part of 
the system, but, except under special 
circumstances, is unlikely to fail. 

The atomic planes are held together 
by the strongest forces and cleavage is 
unlikely to occur. If it did, however, 
there would be considerable elastic, 
but no plastic deformation. 

Intermediate in strength is the 
shear strength of the atomic layers. 
These layers are the most likely to fail, 
again with considerable elastic, and 
little plastic, deformation. However, 
it is obvious that the theory does not 
agree with the practice. Very pure 
metals show almost no elasticity and 
unlimited plasticity. From theoretical 
reasoning it should be the other way 
round. A piece of gold for example, 
may be beaten to a foil thin enough to 
transmit light. 

It would seem then, that the theory 
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An edge dislocation, a point of weakness in a prece of metal. One atomic plane is not complete 
and the metal can fail much more easily because of this. When one layer of atoms is pushed 
over another the dislocation acts as a stepping stone making the process easter. 


is wrong. But, there is evidence to sup- 
port it and with carefully controlled 
conditions, theoretical results can be 
approached. Whiskers of metal that 
have very high strengths have been 
made in the laboratory. Iron, for inst- 
ance, has been made with breaking 
stresses of about 850 tons per square 
inch compared with a normal figure of 
about 22 tons per square inch. In view 
of this it is obvious that there is some 
influence operating on ordinary metal 
crystals, which weakens them and 
which prevents them behaving in the 
theoretical manner. Only in recent 
years has the explanation become 
clear. The solution lies in the fact that 
crystals rarely exist in the perfect form 


Minute screw shaped patterns can be seen in 
the surface of some metals. They indicate 
another source of weakness, the screw dislo- 
cation. 


Lattice containing a screw dislocation. The 
dislocation travels along a slip plane to the 
end of the grain, helping the metal to 
fracture. 


A SCREW DISLOCATION 
BUILDING UP JN A 
/ LATTICE 


SPIRAL PATTERN 


METAL 
FRACTURE 


and the lattices contain defects of 
different kinds. A particular defect has 
been proved to exist in structures and 
it has properties which make the 
metal much weaker. This defect is 
called a dislocation and, as its name im- 
plies, arises from a misplacement of 
the atomic bonds in part of the plane 
of a crystal. 


METAL HAS FRACTURED 
DISLOCATION HAS MOVED 
ALONG TO THE EDGE OF 
THE GRAIN 


METEOROLOGY 


N 1923 a meteorological balloon released in Hampshire, 
England was picked up four hours later in Leipzig, 
Germany. In this time it had travelled nearly six hundred 
miles, at an average speed of about 150 miles per hour. The 
balloon had probably risen to a height of 30,000 feet. There 
it had been swept along in a channel of air moving at 
about 200 miles per hour, a jet stream. Jet streams occasion- 
ally occur lower down in the atmosphere, but they are 
usually found at heights of between 30,000 and 50,000 feet. 
They are in the upper bounds of the troposphere, the inner 
layer of the Earth’s atmosphere which has the most 
influence on the weather. Above the region of the jet 
streams is the tropopause, and above this is the calm, almost 
cloudless stratosphere. 

Winds of over a hundred miles an hour are not un- 
common in the jet streams, so it is hardly surprising that 
they are avoided by aircraft. Most modern airliners climb 
up through the troposphere and the tropopause into the 
stratosphere, where they can be sure of good flying weather. 

There are two patterns of jet streams. One is a system 
covering the subtropical regions of the Earth. It forms in 
the upper part of the wind circulation there. Air warmed 
by the Sun rises up to the tropopause in convection currents. 
The current then travels underneath the tropical tropo- 
pause until it reaches latitudes of about 30° north and 
south of the Equator. There the tropical tropopause meets 
the polar tropopause. But they meet at different levels and 
overlap. Part of the current then forms into a jet stream 
travelling roughly parallel to the lines of latitude. As the 
Sun appears to swing North and South of the Equator, 
and the seasons change, the system of convection currents 
also swings north and south. So the position of the jet 
streams changes with the seasons. 


Jet streams form where there is a discontinuity in the tropopause. 
There are two systems, one over the subtropics and one over temperate 
regions. 
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The jet stream is a channel of quickly-moving air, occurring at 


about 30,000 feet. At its centre, air is travelling at between 100 
and 200 miles per hour. 


The other pattern of jet streams is complicated and 
irregular. Again, it is found where one tropopause overlaps 
another tropopause. This occurs above temperate regions, 
where the weather is constantly changed by successive 
depressions (lows) anticyclones (highs) and cold and warm 
fronts. There is no exact link between the presence of a jet 
stream high up in the troposphere, and the weather below 
it. But it has been shown that a jet stream usually precedes 
the building up of an area of high pressure. 
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Many of the Australopithe- 
cine fossils have been found 
in cave deposits. The 
presence of baboon skulls 
together with various sticks 
and stones indicates that 
Australopithecus — may 
have hunted the baboons 
with these primitive wea- 
pons. 


AUSTRALOPITHECUS 


— MAN OR APE? 


A comparison of the skulls of a gorilla (A) 
Australopithecus (B), and modern Man 
(C). The small brain case and the pro- 
truding jaws of Australopithecus are 
clearly seen. 


HEN the reign of the dinosaurs 
came to an end, the mammals 
took over the Earth and evolved along 
a number of lines. One of these lines 
led to the monkeys and apes — the 
primates. During Miocene and Pliocene 
times (less than 25 million years ago) 
there were many small apes in Africa 
and Asia. Numerous fossils have been 
found, some of which resemble the 
Orang and gibbons while others are 
more like the modern chimps. It is 
reasonable to assume that these various 
fossil types gave rise eventually to the 
modern apes. Somewhere here, too, 
must lie the ancestors of Man, but fora 
long time nothing was known of the 
stages by which Man might have 
emerged from ape-like ancestors. 
Then, in 1924, came a remarkable 
discovery. In a limestone cave in 
Bechuanaland a skull was discovered 
during quarrying. It was passed to 


~ 


Prof. Raymond Dart for examination. 
Although it was incomplete, the skull 
was sufficient for Professor Dart to 
realize that it showed a strange com- 
bination of ape-like and human 
characteristics. He called the creature 
Australopithecus which means ‘southern 
ape’ and regarded it as a link between 
apes and men. Since then, several 
more skulls and other bones have been 
found. Some have been given various 
other names such as Paranthropus and 
XLinjanthropus but are all of the same 
general type and are included in the 
same family as Australopithecus. These 
finds have enabled scientists to make 
a good reconstruction of the animals. 

The skulls of some of the Australopi- 
thecines are ape-like in appearance 
with large brow ridges. The size is 
about that of a modern chimpanzee. 


Some of the skulls are of young indi- 
viduals but the brain probably grew 
to about 600 c.c. — about the size of a 
modern gorilla brain, and less than 
half that of modern Man. In spite of 
their chimp-like appearance the skulls 
show many human characteristics. 
The teeth are arranged in a parabolic 
arch just as in Man and the eye-tooth 
or canine is small and not protruding 
like that of apes. In modern apes the 
skull is held forward and supported by 
large and powerful neck muscles which 
are attached to large ridges, on the 
skull. These ridges are small in the 
Australopithecus skull and this suggests 
that it was balanced more as in 
modern Man. Further evidence for 
this is the position of the foramen 
magnum — the hole through which the 
spinal cord leaves the skull. The open- 
ing is further under the skull than in 
the apes. 


A SIMPLIFIED 


OF THE KNOWN 
AUSTRALOPITHECINES 


The evidence of the skull, therefore, 
suggests that Australopithecus walked 
with his head upright as modern Man. 
Further evidence to support an up- 
right posture comes from the various 
limb bones and hip bones that have 
been found. The thigh bones (femurs) 
resemble those of modern Man and 
indicate that these ancient creatures 
walked erect but even more important 
is the evidence from the hip-bones. 

In Man, the ilium or blade of the 
hip-bone is broad and serves as an 
attachment for the large buttock 
muscles. These muscles serve to raise 
the trunk on the legs, and are thus 
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AUSTRALOPITHECUS 


The right side of the pelvis of a chimpanzee (left), Australopithecus and Man (right). The 
pelvis of Australopithecus is almost human and indicates an upright stance for these creatures. 


essential for an upright posture. 
Modern apes do not normally walk 
erect and their hip bones have a long 
narrow blade. The ilium of Australopi- 
thecus was broad and very similar to 
that of modern Man. The size of the 
bones suggests that Australopithecus was 
about the size of a present-day pygmy. 
Bones of the arm are essentially human 
in form and lack the ridges found on 
the arm bones of apes. From this it is 
assumed that Australopithecus walked 
on the ground and did not swing in the 
trees. The ridges on the arm bones of 
apes support the muscles necessary for 
swinging. 

From the available fossils, anthro- 
pologists have built up a fairly good 
picture of these ‘southern apes’. They 
were about five feet tall and walked 
about in an upright position with the 
head held well back on the neck. The 
face and skull, however, were ape-like, 
indicating that the human posture 
developed before the human brain. 
Were these ancient creatures advanced 
apes or primitive men ? It is difficult to 
answer this question but, on balance, 
they seem to deserve the name primi- 
tive Man, rather than ape. One 
criterion for separating Man from 
other animals, is tool-making. There 
is no definite evidence of this associated 
with Australopithecus but numerous 
baboon skulls have been found nearby 
with battered parts. This suggests the 
use of stones or other weapons to kill 
prey —an elementary tool usage. There 
is no evidence that they used fire, 
however. 

The apes are generally forest and 
tree-dwellers, while Man, including 
Australopithecus, lives on the ground, 
walking on his two feet. How did this 


change come about ? Why should tree- 
swinging apes have started to walk on 
the ground ? The known fossils are now 
believed to be more than one million 
years old (Lower Pleistocene Age). 
The group as a whole must have been 
in existence long before that. Professor 
von Koenigswald has suggested that 
perhaps ten million years ago a group 
of apes broke away from the main line. 
At first, there was probably not much 
difference between the two lines but 
one line became able to walk about on 
the ground. 

As the climate cooled down (a trend 
culminating in the Great Ice Age) the 
dense forests were pushed back 
towards the Equator. With them went 
the typical apes but the ones that were 
less dependent on the trees were able 
to live in the more open country that 
was left. They were able to walk about 
and probably began to capture animal 
food using their free hands. These 
creatures were the early Australopi- 
thecines. 

Modern types of Man are known to 
have been in existence 500 thousand 
years ago. It is believed that these 
evolved as an offshoot from the early 
Australopithecines and that the 


Australopithecine fossils are not direct 
ancestors of modern men. 
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Speed of compressional 
waves in solids 


When a long rod is banged at one end, 
a compressional wave that travels from 
one end to the other is set up in it. 
Such compressional waves are exactly 
the same as compressional sound waves 
in air, except that they travel faster. 

For example a compressional wave 
from an earthquake in sandstone rock 
will travel 8 times as fast as sound waves 
in air. 
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COMPRESSION REGION 
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HERE is something fascinating 
about listening to an echo. Most 
people like to hear their voices travel- 
ling across a valley, bouncing off a cliff 
and back to them. The sound of the 
voice travels with the speed of sound in 
air — about 750 miles per hour. 

A sound wave is a variation in 
pressure which travels away from a 
vibrating source. The velocity of 
sound is important because it is a 
measure of the shortest time in whicha 
pressure change can be transmitted 
from place to place. Compressional 
waves in s:lids and liquids are also 
called sound waves. 

Measuring the Speed of Sound in 
Air 

Early methods of finding the velocity 
of sound in air used cannon. An 
observer stood on a hill and timed the 
interval between the flash and hearing 
the report. Knowing the distance of the 
cannon, the velocity of the sound could 
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Supersonic Bangs 


When an aircraft reaches the speed of 
sound the waves from the pressure at 
its nose can no longer be transmitted 
away ahead of it but go out sideways 
and behind it and form a shock wave. 
The mach number is the ratio of the 
speed of the aircraft to the speed of 
sound in air. 


be calculated. This was not very 
accurate because the wind blew the 
sound away so that it had to travel ina 
curved path. Temperature variations 
in the air also caused it to refract away 
from a straight course. 

The determination of the velocity of 
sound in the open was important for 
military reasons. It enabled artillery 
to be located. So in 1864 Charles 
Regnault decided to make a more 
accurate determination. He set up his 
equipment which used an electrical 
method to measure the time interval, 
in an underground pipe near Paris. 
The shot of the gun broke a circuit wire 
stretched across the muzzle and this 
moved an inked pen on a recording 
drum at the receiving end. When the 
sound arrived there it moved a dia- 
phragm which marked the drum 
again. Since the speed of rotation of 
the drum was known the velocity of 
sound could be found. 

The velocity of sound is more 
accurately found by using two para- 
bolic reflectors facing each other with 
a whistle of fixed frequency at the focus 
of one reflector. A microphone is 
placed beside the whistle and another 
microphone at the other focus and the 
leads from these two microphones are 
both connected to one side of a trans- 
former. When earphones are con- 
nected up to the other side of the 


The human ear is not adapted to hear underwater but sound travels verydggm || 


well in water — better than in atr. 
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OBSERVER TIMES INTERVAL 
BETWEEN SEEING FLASH AND HEARING CANNON. 


EAR TRUMPET COVERED WITH MEMBRANE 


Sound waves are sent from X 
to Y and back again. The 
time of travel is measured and 
a meter in the surface ship 
records the 
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velocity of sound. 
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Instrument Used for meastiring the velocity of sound to a depth of 2,000 feet in the sea. The 
internal circuitry of the measuring head is shown. 


transformer, the output sound will 
grow louder and fainter as the reflec- 
tors are moved towards or away from 
each other. This is an example of 
interference in sound waves. When the 
sound in the earphones goes from a 
minimum to a maximum and back to 
a minimum, one reflector will have 
moved through exactly one wave- 
length. Knowing the frequency, one 
can calculate the speed of sound. This 
is an accurate, compact method and 
can be used also for ultrasonic sound 
waves. 

Measuring the Velocity of Sound 
in Water 


Lake Geneva was the site of the first 


measurement of the velocity of sound 
in water. A large bell under the surface 
was struck at the same time jas a gun- 


GUNPOWDER 


FLASH MAKES 
ARM STRIKE 
BELL 


The velocity of sound in air depends on the 
temperature of the atr but not on its pressure. 
In early measurements of the velocity of 
sound an error was introduced because of the 
reaction time of the observer. 


powder charge was ignited above. This 
enabled an observer using a bent ear- 
trumpet covered with a membrane in 
the water, to time the interval between 
the flash and hearing the bell. A large 
stretch of water was needed because 
the velocity of sound in water is nearly 
a mile a second. 

It is important to have an accurate 
value of the velocity of sound in water 
in order to design echo-sounding 
apparatus. Present methods use the 
explosion of charges coinciding with a 
radio signal. The arrival of the sound 
is detected by hydrophones (underwater 
microphones) and the time interval 
measured. 

Sound does not die away so rapidly 
in water as in air and travels much 
further. Because of this it is possible to 
hear the sound of ships’ propellers 
underwater, 8 to 10 miles away. 
Variations in the Velocity 

Like light, sound can be refracted. 
The sound alters speed as it passes 
from one material to another and re- 
fraction takes place at the boundary. 
Because of this it can be brought to a 
focus by a lens, not a glass lens, but a 
balloon lens filled with carbon dioxide. 

Sound travels faster in warmer air 
than colder air and this can lead to 
zones of silence. The sound of an 
ammunition factory which blew up in 
Holland in 1923 was heard at various 
distances up to 500 miles, but was not 
heard in the interval between 60 and 


- 100 miles. This was because the sound 


wave which had travelled along the 
ground had died away, and the sound 
being heard at greater distances was 
brought about by a sound wave which 
had gone up into the atmosphere and 
been refracted down by warmer air. 
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MATHEMATICS 


The Theorem 
of Pythagoras 


"THE architects and surveyors who 
built the Great Pyramid at Gizeh 
in Egypt knew how to make a right- 
angle (a go° angle) with remarkable 
precision. Wherever right-angles occur 
in the pyramid — in the sides and in the 
corner angles, they are correct to a 
fraction of a degree. The Egyptians 
probably achieved this accuracy by 
constructing right-angles with ropes 
and pegs. It was known that a triangle 
with sides 5, 4 and 3 units long is a 
right-angled triangle. A rope is knotted 
at lengths of 5, 4 and 3 units. When 
pegged at the knots, the rope is the 
outline of a right-angled triangle. 
The Egyptians were interested in 
numbers, and it did not take them long 
to discover that the 3, 4, 5 triangle had 
another property. 3 x 3 (3-squared) 
is 9. 4 X 4 (4-squared) is 16. 5 x 5 
(5-squared) is 25. And 9 + 16 = 25. 
Put in another way: 
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The sum of the squares on the two shortest sides is equal to the square on the hypotenuse. 
Above: the simplest right-angled triangle, the 3, 4, 5, triangle. 


This property was also shown by. 


other right-angled triangles in which 
each side was a whole number of units 
long. The 5, 12, 13 triangle and the 8, 
15, 17 triangle are two well-known 
examples: 


Later, around 500 B.C., the Greek 
mathematician Pythagoras realized 
that the rule applied to all right- 
angled triangles, and not just to special 
triangles with their sides whole num- 
bers of units long. 

Pythagoras’ rule is a convenient way 
of calculating the third side of a right- 


The Egyptians probably used the 3, 4, 5 
triangle to construct the accurate right-angles 
found in the pyramids. They also knew that 
3 + 4? = 5°— Pythagoras’ theorem for 
this particular triangle. 


The next triangle with sides a whole number 
of units long. 


angled triangle once two of the sides 
are known. If the lengths of the two 
sides enclosing the right-angle are 
known, the length of the hypotenuse is 
the square root of the sum of the square 
of these two sides. If the hypotenuse 
and one of the two other sides are 
known, the square of the third side is 
the square of the hypotenuse minus the 
square of the second side. 


Proving 
a right-angled triangle and the area of a square. 


THE AREA OF A 


TRIANGLE IS 
+ x BASE x HEIGHT 


HEIGHT 


.. » BECAUSE THE 
TRIANGLE 1S 
HALF A RECTANGLE. 


HEIGHT 


thagoras: Many of the proofs of Pythagoras are long and involved. This simple proof starts off with facts about the area of 


BASE BASE BASE 


The area of four triangles is 4 x 4 X base x height. These four triangles can be placed, 
base to height, to form the boundary of a square of side (base + height) (pictured below). 
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AREA OF FOUR 
TRIANGLES IS 

2 x BASE x HEIGHT 
(SEE STEP 2) 


_—s OF SQUARE 


~HYPOTENUSE x HYPOTENUSE 
= (HYPOTENUSE)? 


The area of the bits making up the bigger square is equal to the 
area of the bigger square, so: 


Area of triangles + area of smaller square = area of bigger square 
(2 x base x height) + (hypotenuse)*= (base)?+ (height)*+ (2 x base x height) 
(2 x base x APL geseqnes fi from both sides of the equation, so 
(hypotenuse)? = (base)?4 (height)? 
This is exactly what Pythagoras stated — ‘the sum of the squares 
on two sides of a right-angled triangle is equal to the square 
on the third side’. 


SQU: 
THE HYPOTENUSE OF 
THE TRIANGLE 


ARE IS 


The area of the big square is the 
(length of its side) — squared. 

This is 

(base + height) x (base + height) 
which, when multiplied, becomes 
base* + height” + (2 x base x height) 


asva 


HEIGHT 


8 YARDS 


hagoras’ theorem is useful for working out the third side 

a right-angled triangle once two sides are known. Above: 
The square of the hypotenuse (the path) is the sum of the 
squares on the other two sides. 


The length of the path is the square root of 8? + 15? = 289. 
The square root of 289 is 17. So the path is 17 yards long. 


In this example the hypotenuse and 
one of the sides are known 


wp Fee 


UNKNOWN SIDE is /0?-10? FEET LONG, i.e. iT IS 38-7 FEET LONG 
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MUDPOOL 


VOLCANO IN 
ERUPTION 


Z HOT SPRINGS 


The Earth’s heat ts displayed at the surface 
in some parts of the world. (Above) A 
boiling mud-pool (middle) An erupting 
volcano (bottom) Hot springs. 


HEAT 
from the 


EARTH 


EEDING more and more energy to 
drive the world’s machinery, 
Man constantly seeks new sources of 
power. Apart from burning coal and 
oil, he now breaks down the atoms of 
radio-active elements (atomic energy), 
dams the rivers (Aydraulic energy) and 
directly converts the Sun’s heat (solar 
energy). Even the force of the winds and 
the great tidal movements of the seas 
have been harnessed. One further 
source of energy, likely to be of the very 
greatest importance in the future, is 
the heat generated in the Earth itself — 
geothermal heat. 

What causes the Earth’s heat is not 
absolutely certain but there can be no 
doubting its existence. In numerous 
parts of the world great quantities of 
molten lava are thrown out of vol- 
canoes, steam escapes through natural 
vents, mud pools boil, and scalding 
water is brought to the surface as hot 
springs or geysers. The estimated 
amount of energy locked away in the 
Earth vastly exceeds that contained in 
conventional fuels. All that is required 
is to turn it into a form which can be 
used by Man — geothermal power. 

The benefits of the Earth’s heat are 
not entirely a modern discovery. Ice- 
landers have long piped water from 
hot springs into their homes and horti- 
cultural greenhouses. ‘Today the 
domestic dwellings of 46,000 people 
(one quarter of Iceland’s population) 


Inspecting a bore-head at Wairaker, New Zealand. The steam from this bore is brought up 


from 1,800 feet. 


A trial borehole in New Kealand. The bore ha 
the surface. The steam 1s allowed to escape for a 


are geothermally heated. At Larder- 
ello, near Pisa in Northern Italy, hot 
gases escaping at the surface have been 
used to generate electricity since the 
beginning of this century. 

But until very recently, geothermal 
power was thought of as a very un- 
important source of energy — a mere 
make-weight to the other great natural 
supplies. Then, at a United Nations 
conference held at Rome in 1961, the 
whole subject was discussed by a 
gathering of chemists, geologists and 
engineers. Further information had 
become available from a geothermal 
project at Wairakei, New Zealand and 
elsewhere. The conclusion reached was 
that geothermal power was capable of 
providing large quantities of electricity 
in many parts of the world. 

New Zealand’s Wairakei Project 

In the centre of North Island, New 
Zealand, a triangular section of land 
150 miles long and 30 miles wide, 
exhibits at its surface every known 
natural phenomenon associated with 


unk in ‘hot? ground releasing steam trapped beneath 
nod before it is economically used. 


heat from the Earth. These include hot 
springs, numerous steam vents and one 
active volcano. 

Hot water had previously been used 
in the area for domestic heating. But in 
1950 a scheme was put under way 
tapping supplies of underground steam 
to generate electricity. By 1958 the 
power station on the Waikato river 
was providing New Zealand with her 
first geothermal electricity. 

The underground steam is brought 
up through bore-holes from depths of 
between 500 and 3000 feet. Steam from 
500 feet was found capable of exerting 
a pressure of 70 pounds per square 
inch in excess of atmospheric pressure ; 
from over 2000 feet the pressure 
exerted is more than 200 pounds per 
square inch. : 

Unlike the ‘dry’ steam of Larderello 
in Italy, the New Zealand steam is 
generally ‘wet’. It comes to the surface 
mixed between four and six times its 
own volume of water. Each borehead 
is therefore equipped with a piece of 


The Earth’s crust is about 20 miles 
thick over the continents but only 4 or 
5 miles thick under the oceans. Read- 
ings taken in mine shafts and bore- 
holes show that temperatures in the 
outer regions of the crust steadily 
increase with depth — on the average 
about I°C every 100 feet. 

The heat is thought to be mainly 
produced by natural breakdown of 
radio-active elements (the same pro- 
cess by which energy is produced in 
atomic power stations). Some heat may 
also be generated by chemical changes 
under intense pressure or by friction 
between moving rocks. 

The temperature at the bottom of 
the crust has been estimated at 600- 
750°C — not sufficiently high to melt 
the rock there. There is no evidence 
either of a fluid layer in the outer 
regions of the Earth. The magma 
(molten rock) that does form is 


apparatus which separates hot water 
from the steam. The steam is trans- 
mitted more than a mile from the chief 
boring area to the power station sited 
on the Waikato river. The hot water 
which is also at a high pressure, is run 
into the so-called ‘silencers’. Here the 
pressure is lowered, and the water 
boils, ‘flashing off large quantities of 
steam. One day this steam will also be 
used. 

In the power station the pressure of 
geothermal steam drives the turbines 
causing electricity to be generated. 
Once used, the steam is condensed in 
water taken from the river. The con- 
densation creates a vacuum and this 
sucks more steam through the turbines. 
The steam from the Earth is not, 
however, completely pure. It contains 
quantities of the gases carbon dioxide 
and hydrogen sulphide. Not being very 
soluble in water, these gases accumu- 
late and have to be pumped out with 
air pumps. Otherwise the vacuum 
would be destroyed. 


Left, apparatus (silencers) at bore-heads 
lowers the pressure of hot water and ‘flashes’ 
Uf off as surplus steam. 
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believed to be due to local concentra- 
tion of heat by some process not as yet 
fully understood. 

Hot springs and geysers develop 
where super-heated steam and gas 
rises from subterranean sources and 
heats up water circulating at higher 
levels. Alternatively the circulating 
water may itself penetrate to very deep 
levels and come in contact with hot 


rock. ; 


Most hot water coming to the surface 
is meteoric water — that is normal rain- 
water which has seeped into the Earth. 
Some is probably derived from ancient 
buried sediments while a little is 
thought to be reaching the surface for 
the first time (juvenile water). The 
steam used to generate electricity is 
tapped from ‘steam-fields’ — supplies 
of superheated steam sealed up inside 
the Earth. 


Advantages of Geothermal 
Power 

Perhaps the greatest advantage of 
electricity from geothermal sources is 
its cheapness. Some expenditure is 
needed for preliminary surveying, for 
drilling for steam and for fitting trans- 
mission pipes. Considerably more is 
then required for installing the gener- 
ating plant. But thereafter only main- 
tenance costs have to be thought of. 
There are no heavy fuel bills and such 
processes as purification and com- 
bustion of fuels are avoided. 

This economic aspect is especially 
important for undeveloped countries. 
They desperately need power for their 
new factories and irrigation schemes 
but have not the money to instal and 
run atomic energy plants or build the 
huge dams necessary for hydroelectric 
power. 

A second advantage of geothermal 
electricity is that the supply is constant. 
There is no dependence upon fuel 
supply nor even upon the seasonal 


Right, at Wairaket, steam is pumped more 
than a mile from the bore area to the power 
station on the banks of the Waikato river. 


HOT MOLTEN AND 


SEMI-MOLTEN ROCKS 


Geysers are hot springs which discharge boiling water and steam only at intervals. Beneath the ground is a system of inter-communicating 
chambers which fill up with hot water. At the bottom, water becomes super-heated — its temperature is more than 100°C. but owing to the 
weight of water above, it cannot boil. Slowly the temperature of the water near the surface rises. Finally some of it boils off as steam. The 
pressure is sufficently lowered for the super-heated water below to also boil and the violent surge of steam that follows may throw water 


hundreds of feet in the air. 


fluctuation of rainfall which limits 
hydraulic power. Yet geothermal 
power is very easily controlled. If more 
electricity is being generated than 
meets the demand it is a simple matter 
to shut off the supply of steam with 
suitable valves. 

A third advantage is that some of the 
most likely areas for developing geo- 
thermal electricity are in just those 
parts handicapped by having no 
natural fuels. Apart from New Zea- 
land, Iceland and Italy, localities in 
California, Japan, Kenya, Mexico, 
Salvador, Java, Argentina, Chile, 
Algeria, Bolivia and Colombia all have 
geysers, hot springs, volcanoes and so 
on, displayed at the surface. 

It will be noticed that most of these 
places are located on the Earth’s great 
belts of crustal weakness — regions 
where earthquakes occur. One belt 
rings the Pacific—from Tierra del 
Fuego, along the Western coasts of 
North and South America, and then 


Hot springs at Bath, England, were used by 
the Romans as early as 80 A.D. 
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down the East coast of Asia to New 
Zealand. The second belt runs from 
Afghanistan westward to Southern 


. Europe and North Africa. The third 


follows the unstable rift valley belt 
from the Dead Sea in Jordan through 
Abyssinia and Kenya to Tanganyika. 

But just as some of the richest oil- 
fields give no indication of their 
presence at the Earth’s surface, it is 
probable that hot gases are not all 
located in unstable volcanic regions. 
Further exploration may reveal sup- 
plies of hot gases in all parts of the 
world. 

Drilling for Hot Gas 

Drilling in ‘hot ground’ is a skilled 
and dangerous task. Care is needed to 
ensure that any steam or hot water 
located does not rush to the surface and 
wreck the drilling equipment or en- 
danger the lives of the engineers. 

Consequently liquid mud is forced 
down the bore at very high pressures 
all the time drilling is in progress. Near 
the surface of the ground a large mush- 
room-shaped cavity is excavated. Any 
sudden upsurge of hot water that does 
take place can expand safely into the 
cavity while safety precautions are 
taken. 

From the borings that have been 
carried out, there seems to be con- 
siderable variation in the properties of 
the steam. Its qualities change accord- 
ing to both depth and locality. These 
variables are of temperature, pressure, 
contamination (other gases, salt, silica) 
and comparative ‘wetness’ and ‘dry- 
ness’. All are important in assessing the 
economic value of the ‘strike’, as is the 


distance of the bore from a populated 
centre or a power station. 

The best bores are found to be where 
a cavern or crack is penetrated. Here 
hot water in the surrounding rock can 
easily flow as steam into the open 
space. Other bores yielding a good 
supply of steam are in heavily fissured 
rock; the fissures enable fluid to move 
from all directions to the bottom of the 
bore. 

Before full exploitation of a bore is 
made, it must be made certain that the 
supply located will yield sufficient 
steam over a large period. Usually a 
very small bore is made and then left to 
‘blow’ for a couple of years. Regular 
inspection of the quality and quantity 
of the steam together with its pressure 
and temperature is carried out before 
any decision is made. 

Not enough information is at present 
available on just how long the steam 
and hot water will continue to flow. 
Perhaps in some regions the flow will 
be continuous with super-heated water 
escaping from the depths being re- 
placed by cold meteoric water percolat- 
ing downwards from the surface of the 
Earth. Certainly the expected life of a 
steam ‘field’ must be estimated in tens 
of years if not in larger units of time. 
The Larderello steam which now 
generates two-thirds of the electricity 
needed for Italy’s railways has been 
flowing without any apparent slacken- 
ing for more than half a century. An- 
other promising indication is that most 
of the hot spring and boiling mud pools 
seem to have occupied the same sites 
for many centuries. 


| FAMOUS SCIENTISTS | 


LOUIS DE BROGLIE AND 
THE WAVES OF MATTER 


URING the last three hundred 
years scientists have spent a great 

deal of time discussing and investigat- 
ing the nature of light. In the seven- 
teenth century Sir Isaac Newton 
believed that light rays consisted of 
streams of very small particles. This 
Corpuscular Theory persisted for many 
years though Christian Huygens, a 
contemporary of Newton, had the 
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Light normally behaves as a form of 
wave motion. However, in a photo- 
electric cell light rays appear to act asa 
stream of particles. 


notion that light might be transmitted 
by vibrations (i.e. waves) in the aether. 

However, at the beginning of the 
nineteenth century Thomas Young 
carried out his famous interference ex- 
periments. His observations could be 
explained only by assuming that light 
is transmitted as waves and not as a 
stream of particles. Furthermore the 
Wave Theory seemed to account for all 
experimental observations made at 
that time, and it appeared that this 
theory had replaced the Corpuscular 
Theory for all time. 


Then, at the end of the nineteenth 
century it was found that under certain 
conditions electrons were liberated 
when light fell on a surface. The Wave 
Theory could not explain this photo- 
electric effect. This startling new dis- 
covery left physicists with a serious 
dilemma. The photoelectric effect 
could best be explained by reverting to 
the Corpuscular Theory, although 
almost all other evidence pointed to 
light’s being a form of wave motion. 

These were some of the theoretical 
problems which faced physicists when 
Louis de Broglie, a young Frenchman 
of noble birth, came on the scene. Ina 
thesis published in 1922, when he was 
only thirty years old, he suggested that 
light could behave either as a wave or 
as a stream of particles, but not both 
at the same time. 

He argued that if light which was 
normally a form of wave motion could 
take on a corpuscular (particle) form, 
then small particles such as electrons 
could also have wave-like character- 
istics associated with them. However, 
he had to wait five years for the evi- 
dence. Then, in 1927 two Americans, 
Clinton J. Davisson and L. H. Germer 
working at the Bell Telephone Labora- 
tory succeeded in diffracting (bending 
into shadows) a beam of electrons 
using a crystal as the diffraction 


grating. 


Electrons normally behave as particles, but 
a beam of electrons can be diffracted in much 
the same way as the light in this experiment — 
there are wave properties associated with an 
electron beam. 


Louis Victor de Broglie (1892- x 


De Broglie’s dual theory can be 
applied to any moving particle what- 
ever its nature. The wavelength of the 
‘de Broglie’ wave (the wave associated 
with the particle) is found by dividing 
the momentum of the particle into 
Planck’s constant. 

Louis Victor de Broglie was born at 
Dieppe in France in 1892. His elder 
brother, Maurice. the sixth Duc de 
Broglie, was also a physicist of some 
note. Louis was at first interested in 
history and literature, but after serving 
in the French army during World War 
I he took up physics. 

In recognition of his countribution 
to the advance of theoretical physics 
Louis de Broglie was awarded the 
Nobel Prize in 1929. Since 1928 he has 
been professor of theoretical physics at 
the University of Paris where he had 
previously received his training. 
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| OPTICS | 


The BLOOMING 


of LENSES 


HEN a camera lens is held up to 

the light and moved around so 

that the reflections from its surfaces 

can be seen, the lens appears to have a 

dull purple colour. Glints of purplish 

blue light come off, making it resemble 

the surface ofa blue plum. The lens has 

been bloomed. A thin layer of magnesium 

fluoride has been deposited on its sur- 
faces. 


The lens has not become a piece of 


purple stained glass. Everything looks 
purple through purple stained glass 
because it transmits only purple light. 
All colours can be viewed through a 
bloomed lens. A green blade of grass 
will appear green and a blue sky will 
appear blue. The surface ofa bloomed 
lens certainly reflects some purple 
light, but the lens will allow all the 
colours of the spectrum to pass through 
Ls 

Lenses are bloomed to make the 
image brighter and to give better 
contrast. The coating on the lens 
allows more light to pass through and 
decreases the amount of light reflected 
by the lens surfaces. Field glasses with 
no blooming give a dull, somewhat flat 
picture. The coating on the lenses, 
instead of giving a duller picture, 
makes it more vivid, and by reducing 


The lenses and bell jar are cleaned by the 
passage of an electric 
blooming. 


discharge before 


Blooming lenses. 


Ina vacuum some magnesium fluoride evaporates off from a molten pellet 
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and deposits itself on the bell jar and the undersides of the lenses. Blooming is stopped by 
letting in air when the layer is thick enough. The person operating the unit can tell when the 
layer is thick enough because he gets a purple reflection from the lenses. 


the stray reflections 
contrast. 

Blooming has now become common 
practice on all camera lenses and lenses 
in binoculars. It was first used after it 
was noticed that binoculars improved 
as their lenses grew old and were 
stained by impurities in the air. 

Why does blooming work? 

The layer of magnesium fluoride 
deposited on the surface is carefully 
adjusted to be 4 of a wavelength of 
light thick. Light can have a series of 
different wavelengths. Red light has 
the longest wavelength and _ violet 
light, at the other end of the spectrum, 
has the shortest. The thickness of the 
layer is chosen to correspond to 4°a 


improves. the 


wavelength of yellow light because 
yellow is in the middle of the spectrum 
and therefore is the most representa- 
tive. 

Without blooming, a lens surface 
may reflect 5°% of the light falling on it 
and transmit the rest. The 5% is 
scattered and lost. More light is also 
lost by reflection at the second surface 
of the lens. 

When light hits the upper layer of 
the blooming, some is reflected but 
most passes through. Again, at the 
underside of the magnesium fluoride 
most of the light passes on into the lens, 
but some is reflected back. When this 
light reflected from the lower surface 
emerges from the fluoride, it has 


travelled exactly 4 wavelength of 


yellow light more than the light re- 
flected by the top surface. The two lots 
of reflected light are exactly out of 
phase with one another. A crest of one 
wave coincides with a trough of the 
other. The waves interfere and destroy 
each other. Therefore the amount of 
reflected light is greatly diminished. 
Although the waves have destroyed 
one another, their energy cannot be 
lost. It goes into the light passing 
through the lens. Instead of being 
reflected away at the surface, most of 
the light now passes through. 

This system was designed to work 
well for the middle of the spectrum. It 
does not work very well for the colours 
at the ends. Some red, blue and purple 
light is lost by reflection. It is this light 
coming off that gives the lens its 
purplish bloom. 

In some special lenses there may be 
two or three layers of blooming to cut 
down on the purple and red light lost 
by reflection. The thicknesses are 
arranged to cause destructive inter- 
ference with the purple and red light. 

An ordinary magnifying glass would 
never be bloomed. It has only two re- 
flecting surfaces so little light would be 
lost. Also both surfaces are exposed 
and the blooming could be rubbed off 
if the owner of the lens is very fond of 
buffing and cleaning it. 

Blooming is generally done where 
there is a whole system of lenses and 
many surfaces where light could be 
lost by reflection. A pair of binoculars 
has perhaps 14 lenses and 4 prisms, 
making 36 surfaces in all where light 
could be lost by reflection. Without 
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A LITTLE OF THE RED AND 
PURPLE LIGHT AT THE ENDS 

OF THE SPECTRUM IS LOST 

BY REFLECTION, BUT THE 

REST INTERFERES DESTRUCTIVELY 
AND GOES INTO THE ENERGY OF 
THE LIGHT PASSING THROUGH 
THE LENS 


The blooming consists of a layer of magnesium fluoride 4 
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of a wavelength of yellow light 


thick. Reflections from the top and under surfaces of the layer inter. -fere and destroy each 
other. The energy goes into the light passing through the lens. 


blooming, perhaps over a half of the 
light is lost. With blooming, it may be 
less than 10°%,. 

Many manufacturers bloom only 
the inner surfaces that are protected 
from grit, dust and people with dusters. 
The outer ones, they leave. 
Blooming a lens 

Only freshly ground, optically 
accurate lenses are suitable for bloom- 
ing. There is no point in blooming eld 
lenses because they will have become 
scratched in use and will have to be re- 
polished. 

Before the lenses can be bloomed, 
they have to be absolutely clean. They 
are cleaned by dipping them in ethyl 
alcohol, and then mounted in a jig. 


Blooming cuts down on the light lost by reflection at a glass surface. Consequently objects 
viewed through the bloomed glass are much brighter. 


The jigs used here are triangular 
sheets of metal with holes of the correct 
size to take the lenses. 

The magnesium fluoride is coated 
on the lenses by vacuum deposition. In a 
vacuum, magnesium fluoride evapor- 
ates off a molten pellet and deposits 
itself on the facing side of the lens. 

The jigs are arranged in a bell jar 
over a metal boat containing the 
fluoride pellet. Two pumps begin to 
evacuate the air. When most of the air 
has been removed and the pressure is 
only 0:0008 mm of mercury, the bell 
jar and lenses are further cleaned by an 
electric discharge. An arc is_ struck 
between two metal electrodes. The 
ions that bound and rebound off the 
inner surfaces bombard away any re- 
maining dirt. As pumping continues, 
the discharge weakens until it finally 
stops. 

A current flows through the boat 
containing the fluoride and electric- 
ally heats it. The pellet melts and then 
starts to evaporate, depositing itself 
evenly over the inside of the bell jar 
and the lenses. An electric light is held 
over the lenses and the reflection of the 
filament from them is watched. As the 
layer of fluoride grows thicker, the 
colour of the reflection changes from 
yellow to vellow-mauve to mauve. 
When it is mauve, the layer is thick 


enough. Air is then let into the bell jar. 
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DESTRUCTIVELY 


PHYSICAL CHEMISTRY 


Solubility 
Product 


"THE system of analysis used for 

identifying the metallic ions 
present in a mixture of inorganic com- 
pounds depends upon the very low 
solubilities of certain salts of the metals. 
Silver, lead and mercurous ions are 


PRECIPITATION OF 
SILVER CHLORIDE 


DILUTE 
HYDROCHLORIC 
ACID 


SILVER 
NITRATE 
SOLUTION 


DILUTE 
HYDROCHLORIC 
ACID 


SILVER 
CHLORIDE 
COMES OUT 
OF SOLUTION 
AS SOON AS 
ITS SOLUBILITY 
PRODUCT IS 
EXCEEDED 


SOLUTION 
CONTAINS 
SILVER, 
HYDROGEN, 
CHLORIDE AND 
NITRATE IONS 


SILVER CHLORIDE 
THROWN OUT OF 
SOLUTION 


DILUTE 
HYDROCHLORIC 
ACID 


MORE SILVER 
CHLORIDE 
COMES OUT 


OF SOLUTION 

AS CONCENTRATION 
OF CHLORIDE 

IONS RISES 


SILVER 
CHLORIDE 
SOLID 
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HYDROGEN 
CHLORIDE 
GAS 


CONC. 
SULPHURIC 
SODIUM ACID 
CHLORIDE 
SAND BATH — 
RETAINS HEAT 


AND WILL SOAK 
UP ACID IF FLASK 
BREAKS 


SOLUTION OF 
SODIUM 
CHLORIDE 


PURE CRYSTALS OF 


THE 
EXCESS OF CHLORIDE IONS 


: Purification of Sodium Chloride 


One of the most important applications of solubility product is in qualitative analysis. 
It can also be used in purifying a comparatively soluble substance. For instance sodium 
chloride may be purified by passing hydrogen chloride gas into a saturated solution of 
the salt. As the solution is already saturated, increasing the concentration es active 


mass) of either sodium or chloride ions brings about crystallization. This is 


nown as 


the common ion effect. So pure crystals of sodium chloride come out of solution leaving 


the impurities behind in the solution. | 


detected first because a precipitate of 
silver, lead or mercurous chloride is 
formed when hydrochloric acid is 
added to the solution. Then the metals 
whose sulphides are insoluble in acidic 
solutions are separated by passing 
hydrogen sulphide gas through the 
solution. So, in turn, all metals are 
separated into groups. 

When salts are dissolved in water, 
and all of them dissolve, if only very 
slightly, some of the dissolved mole- 
cules divide up into ions. For example, 
each molecule of sodium sulphate 
which ionizes yields two sodium ions 
(each with a single positive charge) 
and one sulphate ion with two nega- 
tive charges. Molecules of silver 
chloride split up into equal numbers of 
silver ions (with single positive charge) 
and chloride ions with single negative 
charges. 

Because they dissociate (split up) 
into ions, these substances are called 
electrolytes. With some electrolytes 
almost all the molecules split up into 
ions while only a few molecules of 
other electrolytes ionize in solution. A 
strong electrolyte is one which is 
largely dissociated into ions, while a 
weak electrolyte is one which is only 
slightly ionized in solution. Even some 
electrolytes which are only slightly 
soluble (e.g. lead chloride) dissociate 


to some considerable extent and rank 
as fairly strong electrolytes. 

When a salt which is only slightly 
soluble has been in contact with water 
for some time, the water will have be- 
come saturated with the salt — no more 
of the salt will dissolve. But although 
the concentration of the solution can- 
not increase at the particular tempera- 
ture, some molecules of the salt will 
continue to pass into solution while an 
exactly equal number will crystallize 
out. Equilibrium will also exist be- 


tween the dissolved molecules and the 
dissociated ions—no sooner has one 
molecule ionized than other ions come 
together to reform a molecule. 

By applying the law of mass action to 
this equilibrium, it follows that the 
product of the concentrations of the 
ions produced when the solute mole- 
cules ionize will also be constant. This 
constant, which is, of course, de- 
pendent upon temperature, is called 
the solubility product. If, for any reason, 
the product of the ionic concentrations 
rises above this figure for the particular 
solution, precipitation will take place 
and will continue until the product has 


fallen to the original level. 

One of the most important con- 
sequences of this is that the solubility 
product can be exceeded by increasing 
the concentration of either of the ions. 
Silver chloride can be thrown out of 
solution if the concentration of silver 
ions is increased by adding silver 
nitrate solution or if, by adding hydro- 
chloric acid, the concentration of 
chloride ions is raised. 

In qualitative analysis the systematic 
separation of the metallic ions into 
groups serves two purposes. It makes 
possible the identification of the metals 
within each group, and also removes 


the metallic ions group by group. 
Otherwise the identification of the ions 
in subsequent groups would be hin- 
dered by the presence of a few remain- 
ing from the previous groups. 

It is of the utmost importance, there- 
fore, that the Group I ions (silver, lead 
and mercurous) are removed as com- 
pletely as possible before starting to 
test for the Group II ions. But the 
chlorides of silver, lead and mer- 
curous mercury are all slightly soluble, 
so special precautions must be taken. 

If, for instance, the original solution 
contained silver nitrate, the addition 
of a few drops of dilute hydrochloric 
acid will probably cause some silver 
chloride to be precipitated because the 
solubility product of this compound 
has been exceeded. However, there are 
still many silver ions in solution, and 
the addition of each extra drop of 
hydrochloric acid will cause more 
silver chloride to come out of solution. 
But even when the number of chloride 
ions in solution equals the number of 
silver ions, not all the silver chloride 
will have been precipitated. This can 
be remedied by adding more hydrogen 
chloride, since raising the concentra- 
tion of chloride ions automatically 
reduces the concentration of silver 
ions. 

It is because of this effect that in 
qualitative analysis the majority of 
reagents have to be added in excess. 
Otherwise small, but significant quan- 
tities of ions which should be com- 
pletely removed in Group IT remain in 
solution and upset the identification of 
other metallic ions in later groups. 


If the concentration of the silver tons and the chloride tons in a saturated solution of silver chloride is represented by the vertical and horizontal 
sides respectively of a rectangle, the area of the rectangle represents the solubility product. This sequence of diagrams shows how the concentration 
of silver ions gets less as the concentration of chloride ions is increased. 
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| INORGANIC CHEMISTRY 


FOUR MORE INSOLUBLE SULPHIDES 


—-Group 4 


Y now, three groups of metallic ions 
have been removed from the 
solution and analyzed, a group at a 
time. 
Hydrogen sulphide, the gas that 
smells of bad eggs, has already been 


used to bring the group II ions out of 


solution. These sulphides were thrown 
out of solution in acidic conditions. 

When the solution is made alkaline 
and hydrogen sulphide is bubbled 
through, four more common metallic 
ions are thrown out of solution as solid 
sulphides. They are the group IV ions. 
The mass of solid particles that comes 
out is known as the group IV pre- 
cipitate. If all the group IV ions are 
present, it will consist of a mixture 
containing the sulphides of zinc, man- 
ganese, cobalt and nickel. 

The colour of the precipitate can 
give a valuable clue to its composition. 
A flesh-coloured precipitate must con- 
tain manganese sulphide and a pure 
white precipitate will contain only 
zinc sulphide. If it is not black, there 
can be no cobalt or nickel present, for 
the sulphides of cobalt and nickel are 
both black. The precipitate now 
undergoes tests which use the different 
chemical properties of each of the four 
sulphides to distinguish between them. 


IF BOTH NICKEL AND COBALT ARE PRESENT, THE BORAX 
BEAD TEST WILL NOT GIVE ANY USEFUL INFORMATION. 
THIS PRECIPITATE IS DISSOLVED IN AQUA REGIA 
NEUTRALIZED WITH SOLID SODIUM CARBONATE AND THE 
NEW PRECIPITATE DISSOLVED IN ACETIC ACID. SODIUM 
AND POTASSIUM NITRATE SOLUTIONS ARE ADDED. 
COBALT PRECIPITATES AS A COMPOUND, WHICH CAN 

BE FILTERED OUT. NICKEL STAYS IN SOLUTION. 

COBALT COMPOUNDS GIVE A BLUE BORAX BEAD. 


WITH ALKALINE DIMETHYLGLYOXIME THE NICKEL TURNS PINK. 


A CRIMSON 
COLOUR 
PROVES 


HYDROGE 
SULPHIDE 


WHITE 


WHEN BOILED 
WITH CONC. 
NITRIC ACID 
AND RED LEAD 


MANGANESE 


PRECIPITATE 


De tes A SOS Seed ete 


Manganese sulphide is flesh coloured ; 
are both black. 


LITMUS 
THE SOLUTION 


GROUPS |, 2 FROM GROUP 3 
AND 3 HAVE 1S SUFFICIENTLY 
BEEN REMOVED ALKALINE TO 
FROM THE BRING DOWN THE 
SOLUTION GROUP 4 


METALS 


THE IONS 
OF GROUP 
5 AND 6 
STAY IN 
SOLUTION fF 
AND PASS | 
THROUGH 
THE 
FILTER 


BENCH STRENGTH 
DILUTE HYDROCHLORIC 


ACID PLUS 5 TIMES 
GROUP ¥ PRECIPITATE 


IS THROWN DOWN 


RESIDUE GIVES 


BLUE BORAX. 
BEAD 


R WASHING 
THE PRECIPITATE, 
DILUTE HYDROCHLORIC 
ACID IS POURED 
THROUGH TO DISSOLVE 
ZINC AND 
MANGANESE 
SULPHIDES 


COOL AND ADD 


MANGANESE 
HYDROXIDE 
iS PRECIPITATED 


BROW 


HYDROGEN 
SULPHIDE 


ZINC AS 
SODIUM ZINCATE 
PASSES THROUGH 
THE FILTER 


THUMB ‘EARTHING' 
THE END OF THE 
TESTER 


When the wire is not live, 
nothing happens. 


INSULATING SHEATH 


ive WIRE rar 
a, 


—" 


| ELEC TPRICELY. | 


FINDING THE @m 
LIVE WIRE ? 


The voltage tester is used when current supplies are switched 
on to the circuit under test. So it must be used carefully. If all 
the screwdriver blade were exposed, there would be great 
danger of ‘shorting’ across two terminals at different voltages, 


HEN trying to trace a fault in an electric circuit, it is and perhaps damaging some of the circuit components. To 


important to know which parts of the circuit are ‘live’. prevent this only the tip of the tester is exposed. The rest is 
The circuit can be tested with a small screwdriver-like covered by an insulating plastic. = , a 
object — a voltage tester. When the end of the tester touches cls. very dangerous ta.proke ‘live: sirnuls ona necmaey 


eS ae . screwdriver. 
a ‘live’ wire, a small neon lamp in its stem lights up. 


The stem contains a neon tube and a high resistance — of VOLTARE DEG ACEGS 

about a million ohms — connected by a conducting spring. — 
The other end of the resistance is also connected to a piece 
of conducting metal. This is kept at zero voltage (earthed) 
by covering it with the thumb. If the screwdriver end 
touches a ‘live’ wire, there will be a difference in voltage 
between the screwdriver end of the tester and the thumb 
end. 

If this voltage difference is less than the minimum 
specified by the manufacturers, nothing happens. There 
is a small gap in the neon.tube. The neon in the gap acts 
as an insulator, and prevents the flow of current. 

But when the voltage difference is greater than the 
minimum, it is sufficient to overcome the resistance of i Side casestcaee: 
the gap. As the current of electricity flows through the gas, ROW TE eee re ee 
electrons are stripped off the neon atoms. The gas is zon zed. 
The neon atoms are excited, and they emit a glow of 


RESISTOR 


light. 
When electrons are stripped off atoms, both parts of cig thot 
the atoms become electrically charged. They are able to = 


carry an electric current. The neon gas changes from an 
electrical insulator to a conductor. In consequence, the 
voltage difference needed to push the current through the 
gas suddenly drops. The current would increase con- 
siderably were it not for the high resistance connected 
between the neon tube and ‘earth’. The resistance limits 
the flow of current once the neon lamp is lit. 
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| PROPERTIES OF MATTER | 


FATIGUE IN METALS 


AF TER jet airliners were first put 
into service there occurred cer- 
tain accidents involving heavy loss of 
life. All of the aircraft involved broke 
up in flight and recovered wreckage 
had the appearance of having been in 
an explosion. The aircraft concerned 
were eventually grounded while the 
cause of the disasters was sought. 

After weeks of research and ex- 
amination of wreckage, a whole fuse- 
lage was submerged in a giant tank full 
of water and subjected to fluctuating 
pressures. The idea was to simulate the 
stresses a pressurized cabin would ex- 
perience in flight at high level. 

After some hours under these con- 
ditions the fuselage developed cracks 
and ultimately failed. After modifica- 
tions to the fuselage the aircraft 
returned to service. The cause of the 
disasters had been traced to a well- 
known metallurgical and engineering 
phenomenon, fatigue. 

Fatigue is defined as a reduction in 
the strength at which metals fail when 
they are subjected to fluctuating loads. 


It is a very common cause of failure. 
An axle or a bolt that has suddenly 
broken for no apparent reason is a 
common sight. Fatigue is not com- 
pletely understood. It is a very com- 
plex phenomenon and is influenced 
by a number of factors. 

It bears no relationship to any other 
physical property usually displayed by 
a metal. It is difficult, therefore, to 
predict accurately a component’s be- 


Metal specimen 
under lest — at 
1,000°C wn a bend- 
ig fatigue mach- 
ine. 


Ferritic steels show a pronounced fatigue limit, a stress below which they can last for ever. 
Aluminium alloys will fail eventually, whatever the load. 
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The back axle of a car has to spin as the car 
moves. Each time it spins, the axle undergoes 
a loading cycle. 


haviour in service. Hence engineers 
must make metal parts strong enough 
to allow for fatigue when designing 
equipment where it may occur. 

Metal fatigue depends on several 
factors. As an axle revolves, any par- 
ticular point in the metal is being 
alternately stretched and compressed. 
The fatigue also depends on the size of 
the load and the number of times the 
rod has revolved. The temperature of 
the axle, the environment, whether 
the metal has been cast or forged and 
the surface finish of the rod, all play a 
part. 

It is very difficult to forecast the 
fatigue properties of a metal. The best 
that can be done is to imitate the con- 
ditions of service as nearly as possible 
in a suitable fatigue testing machine. One 
type of machine uses a_ standard 
specimen. The load, temperature, en- 
vironment and any other influential 
factors are varied as required. The 
machine is started and the number of 
times the rod revolves before the speci- 
men fractures is noted. Alternatively, 


HE TEMPERATURE AND 
ENVIRONMENT OF THE 
EXPERIMENT CAN BE 
ADJUSTED 


a maximum number of rotations may 
be chosen and the test stopped when 
this is exceeded. 

Graphs can be drawn from the 
results of these tests. The curves ob- 
tained show that steels show a pro- 
nounced fatigue limit, i.e. below a cer- 
tain stress thev can last almost for ever. 
Aluminium alloys, on the other hand, 


The number of times the axle revolves before 
it cracks can be noted. Alternatively, the 
axle can be revolved the maximum number of 
times it is likely to revolve in use, to see 
if it is strong enough. 


THE NUMBER OF TIMES E 
AXLE IS ROTATED IS COUNTED. 
THIS IS THE NUMBER OF 
LOADING CYCLES. THE 

BAR CAN BE ROTATED UNTIL 


BARS CAN BE 
TESTED WITH 
DIFFERENT 
WEIGHTS 


will fail eventually whatever the load. 
For such alloys an endurance limit is 
usually specified. This is the maximum 
stress under which the specimen can 
survive a given number of rotations — 
say 10 million. 

A cross-section of some metal that 
has failed shows two distinct surfaces. 
One is smooth with concentric ripples 
starting from the edge, the other rough 
and granular. What has happened is 
that somehow a small crack has 
started at the edge, which, of course, is 
the surface of the rod. As the rod has 
been turned, the crack has slowly 
spread through the cross-section, giv- 
ing rise to the ripples, each one prob- 
ably representing a pause in its pro- 
gress. Finally, when cracked almost 
halfway through, the remaining cross- 
section has been unable to take the 
load and snapped suddenly, giving the 
torn granular portion. 

A large proportion of fatigue cracks 
start at the surface and it is apparent 


that the surface condition of the metal 
is of great importance. 

Fatigue failures can be prevented if 
care is taken in the design stages. Many 
cracks start at a badly positioned oil- 
way, a machining undercut, a sharp 
corner or some other source of stress 
that could have been eliminated by a 
better design. One natural phenom- 
enon that may give rise to a fatigue 
failure is resonance in the component. 
It may set up a stress cycle or accen- 
tuate an existing normal cycle until it 
is outside the safe limit. Large bodies 
of troops marching over bridges are 
sometimes required to ‘break step’ 
because the rhythmic pounding of 
their boots could set up resonance in 
the bridge which could lead to struc- 
tural damage. It is possible that the 
frequency of their marching may co- 
incide with the natural frequency of 
the bridge and set it vibrating in 
sympathy until it fractures. 

Fatigue in a corrosive environment 
is called corrosion failure. A corrosive 
liquid may cause small pits to be 
formed on the surface of the metal 
which may help to initiate cracks. But 
when the corrosive effect is simul- 
taneous with fatigue stressing, the 
destructive effect is far greater than 
that caused by a notch or crack. Witha 
microscope it is possible to see that a 
corrosive medium, and in fact even 
oxygen, causes the crack to spread 
much faster than it would do in a 
vacuum. Naturally this drastically 
lowers the strength at which the metal 
fails. 


Piece of metal which has fractured because 
of fatigue. The crack started at the edge and 
slowly spread in ripples until the metal 
snapped. The metal appears granular where 
the bar snapped. 


GRANULAR 
PART WHERE 
THE METAL 
HAS SNAPPED 


FRACTURE 
STARTED HERE 
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BOYN HILL 
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was a valley of the Thames — 
probably during the second 


gravels laid 
water contain animal re- 
mains and also human tools 


TUNDRA 
THE B 3 


RO 
DIRECTIONS OF 
ICE FLOW 


The second ice advance. 


é¢ Cotswold and Chiltern Hills acted as 
fenders and prevented further ice movement southwards. 


DARK 
GREEN 
PATCHES 
SHOW THE CENTRES 
FROM WHICH ICE 
MOVED 


present land form. 


The fourth and final ice advance — not so extensive as the second 
and third advances, but responsible for sculpturing much of our 


ARTIFACT 
FROM 


TUNDRA 


QUATERNARY BRITAIN 


A MILLION years or so is all that 
separates the close of Tertiary 
times from the present-day. This time 
interval is occupied by the so-called 
Quaternary period. Despite its short- 
ness (the Cambrian period for in- 
stance, lasted 100 million years) a 
remarkable amount of geological study 
has been devoted to the thin, un- 
hardened Quaternary — sediments. 
There are two major reasons for this. 
First, the world’s last great ice age 
started at the beginning of Quaternary 
times; second, a curious mammal 
emerged, physically insignificant but 
mentally surpassing every other crea- 
ture. This was Man. 
In the Alpine region of Southern 
Europe, four separate ice advances 


Boyn Hill Terrace. This 


lacial period. The 


own by the 


during the Quaternary period have 
been recognized. The advances are 
separated by milder interglacial spells. 
Similarly, in Britain four advances can 
be identified though it is not certain 
that they exactly correspond with the 
four Alpine glaciations. 

Finding evidence for glaciations in 
the sediments is very difficult for often 
the earlier glacial deposits have been 
swept away in the later glacial 
episodes. Fortunately there is other 
evidence available — the effect the ice 
had on our present land form. 
Quaternary Times 

The Quaternary period opened with 
most of Britain standing out of the 
water. South-east England was con- 
nected to the Continent and the River 


The Flood Plain Terrace was 
formed after the Taplow 
Terrace. The buried channel 
indicates even later down- 
ward scouring. Since the 
end of glaciation the Thames 
has slowed down and built 
up its sediments to reach 
he present level. 


Thames flowed westward into the 
River Rhine. Parts of East Anglia 
were still under the present North Sea 
and sandy sediment formed here 
(known as the Red Crag) contains many 
cold-water fossils. This is the first sign 
in Britain of a colder climate. Beneath 
the Red Crag lie sediments of Tertiary 
age containing fossils of a sub-tropical 
climate. 

The cold became severer. Glaciers 
began to spread southward from the 
highland in Scandinavia. They crossed 
the North Sea and reached eastern 
parts of Britain. But before they could 
travel further, the climate changed. 
Milder interglacial weather set in. The 
ice thawed and the glaciers retreated 
northwards. In the north of Norfolk, 
thick deposits of boulder clay containing 
many large rock fragments were left 
behind by the ice. Rivers of water 
which thawed from the glaciers, flowed 
southward and deposited sands and 
gravels in Hertfordshire. In the south 


The Quaternary period is divided into 
a long Pleistocene interval and a very 
short Holocene interval. 

Pleistocene time included the glacial 


episode which occupies most of the 
Quaternary period. Holocene time is 
made up of the last few thousand years 
since the retreat of the ice. 


Warmer weather in an interglacial episode. Hippopotamus and 
elephant roamed the land. So did Man and he left behind many of 


his tools. 


of Norfolk the sea again contained 
warmer water animals. 

Evidence of the second ice advance 
is more complete. Apart from glacial 
deposits in East Anglia, there are also 
sediments left by the ice in the English 
Midlands and the Severn Valley. The 
ice caps this time spread from high 
ground in Scotland, Wales and 
northern England. Glaciation became 
very extensive, the ice sheets reaching 
as far south as London. The following 
interglacial episode lasted a very long 
time and it is called the Great Inter- 
glacial. Freshwater deposits of the time 
are preserved in hollows in East 
Anglia. The sediment contains pollen 
grains which show that oaks, elms and 
hazels were the dominant trees. River 
gravels elsewhere contain remains of 
the warmth-loving hippopotamus and 
elephant. There are also man-made 
flint tools. 


b Glaciers did not just flow in a north- 
"south direction. Their_movements are 
~ far more complex. Something of the — 
_ paths followed by the ice can be.dis- 
_ covered b ‘aie: the ‘rock frag- — 
_ ments in the boulder clays — the jade 
_“tator erratics. Rock fragments fromthe — 
st Anglia can — 
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The third glacial episode was also 
extensive. Again, glacial deposits are 
found in East Anglia, the English 
Midlands and the Severn Valley. But 
the fourth ice advance was much more 
limited. Most of the English Midlands 
were free of ice. However in Scotland, 
Northern England and Wales where 
the glaciers were present, spectacular 
sculpturing of the land form took 
place. Ice movement gouged out 
hollow corries in steep hillsides, it re- 
fashioned valleys giving a charac- 
teristic U-shape to the previously V- 
shaped outline. 

The dumping of rock fragments by 
melting glaciers dammed rivers. Lakes 
were formed and eventually over- 
flowed in other directions. Thus the 
River Severn once flowed northwards 
to the Irish Sea. Today, due to ice 
action, it has adopted a curious semi- 
circular channel and flows out through 
the Bristol Channel. 


Pollen grains are often all that have been 
preserved of past trees. Pictures of how 
vegetation changed with changing climates 
can be built up. 


Tundra in Southern England during an we advance. Arctic 
animals — mammoth, bear and. woolly-rhinoceros were the chief 
inhabitants. 


Since the end of the last glacial 
episode, about 15,000 years ago, sedi- 
ments of less spectacular nature have 
been forming. Hidden by the sea, 
marine sands and muds have con- 
tinued to accumulate, and on land, 
sediments are forming in lakes and 
rivers. Man himself with his dumps 
and rubbish tips has become an agency 
of deposition. One particularly im- 
portant geological event has been the 
final cutting of the land bridge which 
united Britain with the rest of Europe. 


Connected with the Ice Age are several 
features showing that the levels:of land 
and sea were continuously changing. 
Examples are the raised beaches, and 
sunken forests about our shores and 
the successive river terraces associated 
with many of our rivers. Raised beaches 
and sunken forests are caused by a 
change of the sea level relative to the 
land. But there is no simple explana- 
tion. A combination of two factors is 
more. likely. First, during the inter- 
glacial period more water would be 
released by melted ice, causing a rise 
in sea-level. Second, the weight of 
advancing glaciers probably pushed the 
land down so that the sea-level ap- 
peared to rise. Any upward movement 
of the land alsorcaused the rivers to cut 
downwards. Their earlier valleysare left 
as terraces high above the new river 
level. Careful) work on such geo- 
graphical features has helped geologists 
to trace the history of the Ice Age. 
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| SCIENTIFIC INSTRUMENTS | 


THE BALLISTIC GALVANOMETER 


_- CROSS WIRE 


* LAMP AND LENS 
‘ PROJECTS PARALLEL 


MIRROR ON 
GALVANOMETER 


BEAM OF LIGHT ON TO 


WHEN a person weighs himself on a weighing scales, the 

needle moves steadily out until his weight i is exactly 
balanced by a restoring force in a spring in the scales. 
Application of the weight of the person causes a steady 
deflection of the needle. The machine is designed so that 
the needle moves slowly into position and stays there. 
But supposing the force to be measured is suddenly applied, 
like the blow of a hammer.What is needed here is an 
instrument that responds quickly, to give a once and for 
all reading — like a punch bag at the fair. When the bag 
is hit, the needle swings out rapidly (sometimes. ringing 
the bell) and the maximum deflection is read off. 

When measuring electricity, there are two different 
quantities that one might want to find. One is a steady 
current, which is the rate of flow of electrons in a circuit. 
The other is a charge or current quantity that is, perhaps, 
stored in a capacitor. This is measured by discharging the 
capacitor through a circuit and measuring the size of the 


THIS 
METER 
READS 
THE 


CONSTANT 
FORCE OF 
THE WEIGHT 
OF THE MAN 


The diagram shows how the mirror on the galvanometer coil reflects 
the image of the cross wire over the condenser lens on to the scale 
above. The scale is carried on an adjustable stand and is placed 
exactly a metre away from the galvanometer. 


Instruments reading a steady 
current show a steady deflec- 
tion for as long as the current 


is flowing. 


Ballistic instruments are used 
to measure a very short rapid 
passage of current. This gives 
the coil a blow and sets it 
oscillating about the fibre. 


The Motor Force 


Moving coil galvanometers depend for 
their action on the motor force. When 
a current is passed through a coil it acts 
as a magnet and swings ona pivot placed 
in a magnetic field. In an ordinary 
moving coil galvanometer the move- 
ment is controlled by a spring and a 
steady current causes a steady deflec- 
tion. In the ballistic galvanometer a 
‘kick’ of current jerks the coil around 
and sets it swinging to and fro about its 
suspension. 

The size of the current kick deter- 
mines the size of the first ‘throw’ of the 
galvanometer. 
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The Damping Correction 


The coil does not go out the full dis- 
tance in its first swing because of 
resistance to the motion due, amongst 
other things, to friction of the air. This 
is called ‘damping’ of the coil. To find 
the distance it would have gone with- 
out damping, a correction must 
added to the value of the first swing. 
One way of doing this is to let the coil 
swing ten times. The difference be- 
tween the first swing and the tenth 
swing is found. If one fortieth of this 
difference is added to the first swing (a 
4 of acomplete oscillation) then a more 
correct value for the first swing is 
found 


CONCAVE MIRROR 


IF THE COIL 
WAS WOUND 
ON AN IRON 
CYLINDER, EDDY 


ITS MOTION 


WOODEN 
CYLINDER 


Ina bare galvanometer the coil is wound on a wooden former 
which ha 


ma cylindrical cavity between the poles of a magnet. 
means even W oul moves, it is always exposed to a 
constant magnetic field. 


gageT) ve OIC o 

Both steady currents and surges are. measured by 
galvanometers — current measuring instruments. But while 
steady current can be measured with any ordinary galvano- 
meter, the surge has to be measured by a meter that can 
respond to a sudden burst of current. Such an instrument is 
the ballistic galvanometer. In the ballistic galvanometer the 
surge of current is passed suddenly through a coil which is 
suspended very freely between the poles of a magnet. The 
coil is given a ‘blow’ on account of the sudden current 
passing through it in a magnetic field and it starts swinging 
backwards and forwards about its suspension. The time 
of one complete oscillation might be about 10-20 seconds. 
The amount the coil turns through in its first swing out 
(the ‘throw’) is proportional to the size of the current 
surge. So if the amount of swing is measured, the size of 
the current surge can be found. 


GALVANOMETER MAGNET 


BEAM OF PARALLEL LIGHT 


NEGA CHARGES 
WHEN SWITCH 
A IS OPENED AND 
B IS CLOSED, THE 
CAPACITOR 
CHARGES 


POSITIVE 
CHARGES 


WHEN SWITCH 

B IS OPENED AND 

A IS CLOSED, THE CHARGE 

ON THE CAPACITOR DISCHARGES 
THROUGH THE GALVANOMETER 

AND FORMS A VERY LARGE BUT 


BATTERY 
SHORT-LIVED CURRENT 


CURRENTS IN IT WOULD 
ACT AS A DRAG ON 


TORSION SUSPENSION 

~ FIBRE IS ENCLOSED 

INSIDE THIS CASING 

THE MOVEMENT OF THE 
GALVANOMETER IS SO FINE 
THAT NO DUST MUST BE 
ALLOWED TO INTERFERE 
WITH IT 


OA 
5 BALLISTIC 


THE GALVANOMETE 
1S FIRST LEVELLED 
SO THAT THE COIL 
HANGS FREELY 
BETWEEN THE 
MAGNET POLES 


i 


> 


A moving coil ballistic galvanometer. Besides being used for exact 
measurements of capacitance and charge, the ballistic galvanometer 
can be used to measure strength of magnetic field. 


FINE PHOSPHOR 

—— BRONZE 
SUSPENSION 
FIBRE 


MAGNET 


FOR FREEDOM 

OF MOVEMENT 

OF THE COIL, THE 
LOWER CONNECTION 
IS THROUGH A 
COILED HAIR SPRING 


| BIOLOGY | 


NATURE’S DUSTMEN « 


VERY living organism, be it plant 
or animal, depends ultimately 
upon nitrates and other compounds 
from the soil. These compounds are 
vital to the building up of the body’s 
proteins. The supply of nitrates in the 
world, however, is not inexhaustible 
and, if they were not returned to the 
soil when animals die, the supply 
would soon run out. The series of 
events by which nitrogen-containing 
substances are returned to the soil and 
to other animals is called the nitrogen 
cycle. 
The nitrogen cycle is operated — 


feeders the land would be littered with 
animal bodies in various stages of 
decay. 

Among birds, the best-known of the 
carrion feeders are the vultures, in- 
cluding the largest living flying bird — 
the Andean Condor. One group of 
these birds is distributed over America, 
and another ranges from the Mediter- 
ranean and Africa to India and China. 
Vultures typically soar high in the sky 
and can pick out a source of food from 
very high up. Their sight is quite amaz- 
ing. Observers have noted that a dead 
animal quickly attracts several vul- 


~~ EATH 


DUNG 


A SIMPLIFIED NITROGEN 
CYCLE INVOLVING SCAVENGERS 


DUNG BEETLES 


NITRATES 


k 


what might be called Nature’s Cleans- 
ing Department. It employs a large 
number of workers to dispose of dead 
bodies and excrement. The efficiency 
of this ‘department’ is shown by the 
fact that one seldom sees dead animals 
or even skeletons in the countryside. 

Bacteria and other micro-organisms 
play a very important part in the nitro- 
gen cycle and are responsible for the 
final break down of organic com- 
pounds. However, their action is less 
spectacular than that of various 
carrion feeders that quickly dispose of 
dead bodies. Without these carrion 
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BURYING BEETLES 


DUNG 
BEETLES 


tures. The soaring birds can probably 
see each other as well as any food and 
one swooping bird will attract the 
attention of others. 

A few vultures will rapidly reduce a 
goat carcass to a mass of skin and bone 
—ripping the flesh away with their 
hooked beaks. Their claws are usually 
weak in comparison to those of other 
birds of prey which attack living ani- 
mals. There is even one vulture — the 
Lammergeyer of the Himalayas and 
the Middle East — that exists largely 
on bones and bone marrow. It carries 


The Striped Hyena and a picture of its skull 
showing the heavy jaws and the powerful 
bone-crushing teeth. 


The Central American King Vulture with 
the remains of a meal. 


bones up to some height and drops 
them until they break up. 

The scavengers among mammals 
are the jackals and hyaenas. Jackals 
are small wolf-like animals that some- 
times hunt in packs. They occasionally 
kill other animals but more often feed 
on the remains of the lion’s kill. 
Hyaenas are cowardly animals and 
will usually attack only small animals 
such as rats. They feed mostly on car- 
cases and have powerful bone-crushing 
teeth and jaws. Hyaenas usually go 
around in groups hunting for carrion. 

All that is left after such scavengers 
is usually a few pieces of skin and bone. 
These are then attacked by various 


beetles that find nourishment in such 
materials. More interesting among the 
insect scavengers, however, are the 
various burying beetles and dung- 
feeders. 

Small corpses such as mice and voles 
rapidly attract the attentions of various 
sexton beetles. These black, or orange 
and black, insects have been known to 
bury a mouse in light soil in a few 
minutes. The beetles usually work in 
pairs and bury the corpses by shovel- 
ling the soil away from underneath. 
The head is often broad and aids the 
legs in the shovelling work. When 
buried, the corpse serves as food for the 
beetles and their larvae. The beetles 
lay their eggs in the body and the 
young are already provided with food. 
Under the soil, the corpse keeps moist 
and bacterial action can continue 
more rapidly than it would do at the 
surface. 

In summer, all our meat and fish 
must be covered to protect it from flies. 
In the wild, however, these flies do a 
service by laying their eggs in carcases. 
The larvae contribute to the breaking 
down of the material and its eventual 
return to the soil. 

Almost before the dung of cattle and 
other animals has cooled it is visited 
by flies and beetles. They feed there 
and lay their eggs. The grubs rapidly 
absorb the putrefying material leaving 
only a collection of dried plant re- 
mains — valuable food for some beetles. 

Beetles of the scarab family are well 
known buriers of animal dung. The 
once-sacred scarab of Egypt collects 
dung and rolls it into a ball and then 
rolls the ball to some suitable place for 
burial. Some scarabs feed on the dung 
themselves while others may use it to 
lav eggs in. The Dor-Beetle. a relative 


Burying beetles attending to the corpse of a mouse. Several kinds of beetle engage in this 
work. In sandy soil, the corpse ts rapidly buried. 


The Dor-Beetle (top) and the 
Minotaur — two beetles that 
bury animal dung and lay thew 
eggs in it. 


A scarab beetle rolling a ball of dung with 
its hind legs. An egg laid in the dung 
develops into a grub that feeds inside the ball 
(shown cut open). The finished ball is con- 
siderably bigger than the beetle itself. 


of the scarab, tunnels underneath cow 
dung and fills the ends of the tunnels 
with dung before laying its eggs there. 

The value of these scavengers and 
the myriads of insects and other 
organisms that break down plant and 
animal remains is enormous. The fact 
that bacteria and other micro- 
organisms can reduce refuse to harm- 
less, even useful material, has only 
recently been used by Man in com- 
posting plants. This is an attempt by 
Man to avoid wastage and to return 
material to the soil as is done by 
Nature’s own dustmen. 
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| ASTRONOMY 


ALL THESE 
POINTS SEEM a 
TO BE RECEDING 
FROM EACH OTHER 


THE BIG BANG 


According to the ‘Big Bang’ theory, the universe is expanding like a balloon. The Universe 


is getting more and more dilute. 


The Age 


OUR own galaxy is like one of 
millions of spots painted on an 
expanding balloon. Each of the other 
spots represents another galaxy. When 
the balloon is blown up, the surface 
stretches, and the spots become farther 
apart. Anyone sitting on one spot on 
the balloon would think that all the 
other spots were receding away from 
him. It seems as though his spot is at 
the centre of the expansion, but this is 
an illusion. Anyone on any of the other 
spots would have exactly the same 
feeling of being at the centre. 
Astronomers have found that all the 
other galaxies are travelling away from 
our own galaxy. Distant galaxies 


The Red Shift 


Light from distant galaxies is examined 
with a spectroscope. This spreads out 
the light according to its wavelength. 
The blob of light coming is spread out 
into a sausage-shaped area. There are 
two important breaks in the spectrum. 
A break indicates that this particular 
wavelength of light is missing — it has 
been absorbed by cooler gas surround- 
ing the galaxy. 

The spectra of near galaxies show 
that the two breaks are almost in the 
ultra-violet, but when they occur in 
the spectra of distant galaxies, they 
are in the blue, green or even yellow 
part of the spectrum. They are shifted 
toward the red end of the spectrum, 
implying an increase in their wave- 
length. 

The red shift is thought to be due to 
the Doppler effect, the increase ‘in 
wavelength brought about when the 
source of light is moving away. This is 
why astronomers believe that all 
galaxies are receding away from the 
Earth. 
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recede more quickly than nea 
galaxies. The most distant galaxies so 
far observed are found to be travelling 
away at half the speed of light. So, in 
the past, these galaxies must have been 
much closer together. 


The Big Bang 


According to one theory of the 
origin of the Universe, the Big Bang 
Theory, all the matter in the Universe 
was originally concentrated together 
into a primaeval atom a hundred million 
miles in diameter. Between ten and 
twenty thousand million years ago the 
atom exploded, and the Universe 
started its balloon-like expansion. 

Some parts of the primaeval atom 
were flung out more quickly than 
others. These are now the distant 
galaxies, and they are still travelling 
quicker than the nearer galaxies. 
Astronomers can work out how quickly 
each galaxy is travelling. They also 
know how distant the galaxies are. So, 
by assuming that the galaxies have 
always been expanding at their present 
rate, they can work out when the 
expansion began. 

Unfortunately, this does not provide 
a very convenient answer. Astron- 
omers are almost certain that some 
galaxies are at least ten thousand 
million years old, and the age of the 
Universe (assuming that the expansion 
rate is constant) comes to only about 
eight thousand million years. One way 
of getting round this discrepancy 
assumes that the expansion rate was 
slower in the initial stages. When the 
Universe was just beginning to ex- 
panc matter was packed more closely 


THE BALLOON 

PICTURE GIVES AN IDEA 

OF EXPANSION IN ONLY TWO 
DIMENSIONS. IN REALITY, IT 
EXPANDS IN THREE DIMENSIONS 


and Origin of the Universe 


together, and the gravitational force 
attracting the pieces of matter towards 
each other was _ correspondingly 
greater. As the force of the explosion 


EXPLOSIVE 
BEGINNING 


The ‘Big Bang’ theory predicts u bright 
beginning (above) and a dull end (below) to 
the Universe. But according to the steady 
state theory (insets), the Universe as a 
whole stays the same. 


INDIVIDUAL GALAXIES 
AND STARS CHANGE, 
BUT THE UNIVERSE 
AS A WHOLE DOES 
NOT 


STEADY STATE (INSET) 


STEAD) 
STATE 


(INSET) 


CONTINUOUS CREATION Jo 


pushed them farther apart, the gravi- 
tational force was reduced, and the 
expansion speeded up. 

According to the ‘big bang’ theory, 
the Universe is changing all the time. 
It has a definite age and a definite size. 


The Steady State Theory 


There is very little doubt that the 
Universe is expanding like a balloon, 
and that existing galaxies (spots on the 
balloon) are becoming farther apart. 
But in spite of this, a rival theory of the 
Universe suggests that the Universe as 
a whole is not changing at all. Indi- 
vidual stars and galaxies of stars evolve 
and die, but new ones are being con- 
tinually born to replace them. While 
the amount of space between existing 
galaxies increases, new matter is being 
created in the space. The amount of 
matter created is enough to keep the 
average density of galaxies in the 
Universe constant. If this is so, the 
Universe had no definite beginning, 
and will have no definite end. It has no 
definite size, either, for it stretches out 
to infinity. 

How can matter be created in empty 
space, to keep the average density of 
matter in the Universe constant ? The 
answer is that there must be another 
kind of field in space —similar to 
gravitational fields, or magnetic fields, 
but capable of producing matter from 
energy in space. No such field has ever 
been detected, but this is no reason for 
stating definitely that none exists. The 
field has not to produce very many 
particles — the steady state theory re- 
quires only one hydrogen atom to be 
produced per litre every few thousand 
million years. 


The Oscillating Universe 


According to another 


possible 


Continuous creation of matter is essential in the steady state theory. The Universe does 
expand, but the spaces are filled in with newly-created matter. The necessary rate of creation 
of new matter is only one hydrogen atom per litre every few thousand million years. 


theory, the Universe is oscillating 
between periods of expansion and 
periods of contraction. Stars form 
during the expansion period, and 
collapse during the contraction. At 
present, we would be in the middle of 
an expansion period. But sooner or 
later the expanding bubble would 
start to deflate. This theory may be 
possible, but it is not very likely. 
There are a great many possible 
theories of the formation of the Uni- 
verse. It is impossible, from the 
observational facts available, to decide 
definitely on any one of them. The 
difficulty is that we cannot see far 
enough back in space and time. Light 
from distant galaxies takes time to 
travel from them to the Earth. The 
most distant galaxies yet discovered 
are about five thousand million light 
years away ~ that is light takes five 
thousand million years to travel from 
the galaxy to the Earth, and we are 
really observing what happened five 
thousand million years ago. However, 
only a few of these really distant 
galaxies have been charted, not 
enough to get any reliable information 
about their behaviour as a whole. 


Checking the Theories 


Astronomers can measure a galaxy’s 
brightness (or luminosity), and the 
colour of the light waves it emits. If the 


The Universe could be oscillating between 
periods of expansion (above) when the stars 
and galaxies condense ; and periods of con- 
traction (below) when the stars explode and 
fling their matter back into space. 
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THE PRIMAEVAL 
ATOM — PROTONS 
NEUTRONS 

AND ELECTRONS, 
100 MILLION 
MILES ACROSS 


The Big Bang theory. The Primaeval atom, 100 million miles across, explodes. It contains 
protons, neutrons and electrons, all the building bricks necessary to make atoms. Soon after 
the bang, the temperature within the primaeval atom is 1,000 million degrees, and particles 
start joining together to form atomic nuclei (above). 


After about 30 million years, the temperature had dropped to a few thousand degrees. Chance 
accumulations of matter started to condense to form stars and galaxies. The Universe of today 
is shown above. It is about ten thousand million years old. Parts of the Primaeval atom which 
were given the greatest velocities in the explosion are now farthest from the centre. 
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galaxy also emits radio waves, these 
can be detected with a radio-telescope 
(many of the distant galaxies were 
discovered by their radio-emission). 
This information helps in deciding the 
age of the galaxy. 

As stars and galaxies age, their 
luminosity and the colour of their light 
changes too — in fact this is a guide to 
their age. When observations of a 
great many galaxies are made, the 
average values can be taken and used 
to help in determining the age of other 
galaxies. 

The shape of the galaxy, and its 
position relative to other galaxies near 
it may also be a key to the age of the 
galaxy. The ages of galaxies are im- 
portant, because each theory of the 
Universe proposes a different rate of 
their formation. New galaxies are 
created from the matter which did not 
condense into stars and galaxies when 
the first stars were formed, or which 
has subsequently been jettisoned by 
exploding stars. 

According to the Big Bang theory all 
the matter must get used up, so new 
galaxies will stop forming eventually. 

The steady state theory also predicts 
that new stars are being formed now 
from stranded particles in interstellar 
space, and from the remnants of ex- 
ploding stars. But although individual 
stars are evolving and changing, age- 
ing and dying, the entire Universe is 
not, according to the steady state 
theory. New matter is being formed all 
the time. This becomes a part of the 
newly created stars, affecting the rate 
of their formation. 

The main battle lies between the big 
bang and the steady state theories. 
Each predicts a different distribution 
of the brightness of the galaxy with 
distance. While both theories are in 
agreement for the nearer stars, they 
diverge when distances become greater 
and the apparent brightness (as seen 
from the Earth), decreases. It can be 
shown that the steady state Universe 
predicts a falling off of brightness with 
distance greater than the simple ex- 
ploding Universe. This can be checked 
using radio telescopes which are more 
sensitive than optical telescopes for 
very distant galaxies. The results so far 
obtained are slightly in favour of the 
Big Bang Theory. 
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MOSQUITOES 


Any natural population has a few resistant individuals (red). When insecticide 
is applied, these resistant individuals survive together with a few susceptible 
ones (blue). The following generations have progressively more resistant 
individuals until all are resistant. Resistance has been found in all the insects 
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INSECTS THAT RESIST INSECTICIDES 


HEN D.D.T. and other powerful 
insect-killing compounds were 
introduced in the 1940’s, the goal of 
complete eradication of insect pests 
came into sight. These new insecticides 
were active against a wide range of 
insects at doses low enough, in most 
cases, to be harmless to Man and other 
animals. Widespread use of D.D.T. 
and other compounds produced amaz- 
ing results but this happy state of 
affairs was not to continue. After a few 
years it was noticed that larger doses 
were necessary to kill the insects. The 
size of the required dose increased 
gradually until it reached danger level 
for other animals or until the cost of 
insecticide exceeded the value of con- 
trolling the pests. Use of the insecticide 
then had to stop. The insects had be- 
come resistant to it. 

When an insect had become resist- 
ant to one type of insecticide it was 
sometimes possible to control it with 
another compound but resistance fre- 
quently developed to the second in- 
secticide. Quite often resistance to one 
insecticide made the insect automatic- 
ally resistant to another one. Resist- 
ance was first discovered in the 
common housefly in 1946. Later, 


malaria-carrying mosquitoes were 
found to be resistant to D.D.T. At the 
present time more than one hundred 
insect species are known to resist 
insecticides and the insecticides con- 
cerned are of all types. 

There are two main ways of attack- 
ing resistance. One is to look continu- 
ally for new insecticidal compounds to 
replace those that have lost their 
effectiveness and the other is to attack 
the resistance mechanism itself. Find- 
ing new insecticides is only a short- 
term policy for they, too, will probably 
meet resistance later. Some of the 
newer insecticides are already causing 
alarm because of their effect on 
animals other than insects. The real 
answer to resistance is to attack the 
actual mechanism involved. 

A great deal of time and money is 
now being spent on research into insect 
resistance. By using an insecticide that 
contains radioactive carbon atoms, 
scientists have been able to follow what 
happens to it when it gets inside an 
insect. In one of the most important 
resistance mechanisms yet discovered, 
insects break down the poisons into 
relatively harmless substances. This is 
done by various enzymes in the body. 


Diagrams to show three possible mechanisms of resistance. A. The 
insecticide cannot pass through the cuticle. B. It is destroyed as soon 
as it gets into the insect. C. It is stored in some tissue and cannot act. 
D. A susceptible insect in which insecticide has spread and had ef, 


It may be possible to overcome resist- 
ance by preventing the action of these 
enzymes. This is done already to some 
extent by adding other substances 
(synergists) to the insecticides. 

At one time it was thought that con- 
tinuous exposure to low concentra- 
tions of insecticides caused resistance 
to develop in insects. This idea has 
been abandoned, however, for it 
appears that in any natural population 
some insects will be slightly resistant. 
These resistant insects have more 
chance of surviving an application of 
insecticide and gradually the popula- 
tion will come to contain more and 
more resistant insects. Some will be 
more resistant than others and the 
continued application of insecticide 
will eliminate all but the most resist- 
ant. They will then reproduce and a 
highly resistant strain of insect will 
develop. Resistance is therefore a 
natural phenomenon and its spread 
has been due to the large scale use of 
insecticides. It may well be that future 
control measures will depend on bio- 
logical methods and so avoid the whole 
problem of resistance. But in the mean- 
time the fight against resistance must 
go on. 


PHYSICAL CHEMISTRY 


REMOVING IMPURITIES 


J[ARGE quantities of salt (sodium 

chloride) are obtained from sea 
water, but this salt is frequently con- 
taminated with sand and other solid 
matter found on the shore. Many other 
chemical substances, including those 
which are made in laboratories or 
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. . . AO O 
SALT AND 
chemical works, contain impurities SALT AND 


which have to be removed before the WITH WATER — 


SALT DISSOLVES 
substance is fit for use. 

It is a fairly easy matter to separate 
the mixture of salt and sand because 
salt dissolves in water while sand does 
not. However, the separation of cer- 
tain other mixtures is much more 


difficult. Methods which make use of 


INSOLUBLE 
SAND 
RETAINED 
ON FILTER 


SALT SOLUTION 
PASSES THROUGH 
FILTER AND IS 
COLLECTED IN 


EVAPORATING SALT RECOVERED 


FROM SOLUTION 


differences in the physical properties a 
(e.g. solubility, or boiling point) of the 8 . 
components of the mixture are gener- rs ‘ 
ally preferred. But occasionally chemi- | t 
cal means have to be used. For ‘i 
instance, the last few per cent of water 
in ethyl alcohol is usually removed by 
adding quicklime (calcium oxide) 
which reacts with the water to form 
slaked lime (calcium hydroxide). Pure 
(or absolute) alcohol is then distilled off. 

The purity of a substance is norm- 
ally tested by measuring its melting 
point or boiling point. Whereas pure 
substances always have quite definite 
melting and boiling points, the 
presence of impurities, even in quite 
small proportions, will affect the tem- 
peratures at which a substance melts 
or boils. In general, contaminated sub- 
stances melt at temperatures below 
their normal melting points but boil at 
temperatures higher than the boiling 
point of the pure material. 


Separating Funnels 


Some liquids which do not dissolve in one another are found 
mixed together. However, if they are left to stand for a while 
in a separating funnel the two liquids separate out into two 
layers. The denser liquid can then be drained off through the 
tap in the stem of the funnel. 

The separating funnel can also be used for extracting a solid 
or liquid from solution using another solvent. Many organic 
substances dissolve in ether more readily than they do in 
water, so that by shaking the aqueous solution with ether a 
large portion of the solute leaves the water and dissolves in 
ether. The mixture is left in the a Paha funnel so that the 
two liquids can separate into two layers. The watery layer is 
then run off leaving most of the substance in the ether. Shaking 
with several small portions of ether will remove most of the 
substance — more than if the same volume of ether had been 
used at one time. 
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WATER- 
COOLED CONDENSER 


MIXTURE OF 
TWO LIQUIDS - 
THE ONE OF 
LOWER BOILING 
POINT TURNING 
TO VAPOUR 


Distillation 


The usual method for separating liquids, which are dissolved 
in one another, is to distil them. The mixture is | sear in a flask 
which is heated, and provided the boiling points of the two liquids 
are not too close, quite good separation is obtained. 

The liquid with the lower boiling point turns to vapour first, 
so in the beginning the vapour is more rich in the component 
with the lower boiling point. However, this vapour will contain 
some of the other components too. After most of the lower 
boiling point liquid has vapourized and passed into the con- 
denser, the temperature of the remaining liquid rises quite 
suddenly and vapour of the liquid with the higher boiling point 
then comes over into the condenser. 

Distillation is also used for separating the pure solvent from a 
solution of solids in the liquid. In this instance the liquid boils 
and its vapour is condensed, so leaving the solid behind in the 
distillation flask. 


Two Soluble Salts 


It is more difficult to separate a mixture of two similar solids 
which dissolve in water than it is to separate salt and sand. 
However, it is unlikely that the solubilities of the two sub- 
stances will be similar at all temperatures. Solubilities can be 
found from tables, and from this information a temperature 
is chosen where the solubilities of the two components are 
quite different. The solubilities of potassium sulphate and 
potassium nitrate are quite close at room temperature. At 
70°C they are far apart. About 140 gm of potassium nitrate 
will dissolve in 100 gm water while only 33 gm of potassium 
sulphate dissolves in 100 gm water at the same temperature. 

he mixture of these two salts is added to a flask of hot 
water and shaken until all the crystals have dissolved. This 
solution is then evaporated slowly and carefully. After a 
while crystals start to be deposited and it is found that the 
crystals are almost pure potassium sulphate (the less soluble 
component) while at the same time the solution becomes 
richer in potassium nitrate. 

The potassium sulphate crystals are then filtered off. They 
will still contain some potassium nitrate as impurity. However, 
by dissolving the first crop of crystals, this new solution will 
yield much purer crystals of potassium nitrate. 

The original solution of the mixed salts now contains a 
much higher proportion of potassium nitrate. The proportion 
can be further improved by continuing the evaporation. 
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INORGANIC CHEMISTRY 


Three Insoluble Carbonates 


HE metallic ions are being re- : 
moved from a solution, a group ‘ 
at a time, and each group is examined 
to find out what it consists of. By now, 
only two groups of metallic ions are 
left in solution—the rest, those of 
groups I to 4 have been removed. ‘The 
remaining ions are those of groups 5 
and 6. 

The group 5 ions are those of calcium, 
strontium, and barium. The analyst will 
have a fairly good idea of which of 
these ions he expects to find. If any of 
them are present, this will have shown 
up in the flame test carried out before 
starting on analysis, group by group. 
All three metals give coloured flames. 
The calcium gives an orange flame, 
barium, apple green and strontium has 
a crimson flame. 

The group 5 ions can be separated 
from those in group 6 because they 
form insoluble carbonates. The solu- 
tion containing them is boiled with 
solid ammonium carbonate and the 
precipitate thrown out of solution is 
filtered out. 

The precipitate is the group 5 
precipitate and the liquid which drips 
through the filter contains only the 
group 6 ions. This liquid is kept so that 
the group 6 metals can be identified 
and the group 5 precipitate is ex- 
amined to find what it consists of. 


Confirming The Results _ 
A o 
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AMMONIUM 
‘CARBONATE 


AFTER WASHING THE PRECIPITATE WITH HOT 
WATER, IT IS DISSOLVED IN WARM DILUTE ACETIC 
ACID. WHEN POTASSIUM CHROMATE IS 

ADDED, BARIUM COMES OUT OF SOLUTION AS 
THE PALE YELLOW SOLID, BARIUM CHROMATE, 


PALE 
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PRECIPITA 
PROVES 
BARIUM 


IF STRONTIUM IS 
PRESENT IT IS FIRST 
REMOVED BY BOILING 
WITH DILUTE SULPHU§ 
ACID AND FILTERING 
THROUGH THE 2 OUT THE 
FILTER 2 PRECIPITATE 
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AMMONIA 

AND AMMONIUM 
OXALATE SOLUTION 
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A WHITE 
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OF CALCIUM 
OXALATE 

PROVING 


STRONTIU CALCIUM 


PRESENT, THB 
SOLUTION IT: 
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TO ONE HALF ADD 
CALCIUM SULPHATE 
SOLUTION AND BOIL 


